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(57) Abstract: Embodiments of the invention generally provide an electrochemical plating system. The plating system includes 
a substrate loading station positioned in communication with a mainframe processing platform, at least one substrate plating cell 
positioned on the mainframe, at least one substrate bevel cleaning cell positioned on the mainframe, and a stacked substrate annealing 
station positioned in communication with at least one of the mainframe and the loading station, each chamber in the stacked substrate 
annealing station having a heating plate, a cooling plate, and a substrate transfer robot therein. 



WO 2004/094702 A2 I Hill llllllll II llllll lllll lllll lllll llll I II III lllll lllll lllll lllll Hill III! Illllll llll llll llll 



(81) Designated States ( unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States ( unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 



Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FT, FR, 
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two -letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/094702 



PCT/US2004/012012 



MULTI-CHEMISTRY PLATING SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the invention generally relate to an electrochemical 
plating system. 

Description of the Related Art 

[0002] Metallization of sub-quarter micron sized features is a foundational 
technology for present and future generations of integrated circuit manufacturing 
processes. More particularly, in devices such as ultra large scale integration-type 
devices, i.e., devices having integrated circuits with more than a million logic gates, 
the multilevel interconnects that lie at the heart of these devices are generally 
formed by filling high aspect ratio, i.e., greater than about 4:1, interconnect features 
with a conductive material, such as copper. Conventionally, deposition techniques 
such as chemical vapor deposition (CVD) and physical vapor deposition (PVD) have 
been used to fill these interconnect features. However, as the interconnect sizes 
decrease and aspect ratios increase, void-free interconnect feature fill via 
conventional metallization techniques becomes increasingly difficult. Therefore, 
plating techniques, i.e., electrochemical plating (ECP) and electroless plating, have 
emerged as promising processes for void free filling of sub-quarter micron sized 
high aspect ratio interconnect features in integrated circuit manufacturing 
processes. 

[0003] In an ECP process, for example, sub-quarter micron sized high aspect 
ratio features formed into the surface of a substrate (or a layer deposited thereon) 
may be efficiently filled with a conductive material. ECP plating processes are 
generally two stage processes, wherein a seed layer is first formed over the surface 
features of the substrate (generally through PVD, CVD, or other deposition process 
in a separate tool), and then the surface features of the substrate are exposed to an 
electrolyte solution (in the ECP tool), while an electrical bias is applied between the 
seed layer and a copper anode positioned within the electrolyte solution. The 
electrolyte solution generally contains ions to be plated onto the surface of the 
substrate, and therefore, the application of the electrical bias causes these ions to 
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be plated onto the biased seed layer, thus depositing a layer of the ions on the 
substrate surface that may fill the features. 



[0004] Once the plating process is completed, the substrate is generally 
transferred to at least one of a substrate rinsing cell or a bevel clean cell. Bevel 
edge clean cells are generally configured to dispense an etchant onto the perimeter 
or bevel of the substrate to remove unwanted metal plated thereon. The substrate 
rinse cells, often called spin rinse dry cells, generally operate to rinse the surface of 
the substrate (both front and back) with a rinsing solution to remove any 
contaminants therefrom. Further the rinse cells are often configured to spin the 
substrate at a high rate of speed in order to spin off any remaining fluid droplets 
adhering to the substrate surface. Once the remaining fluid droplets are spun off, 
the substrate is generally clean and dry, and therefore, ready for transfer from the 
ECP tool. The bevel clean cells generally operate to clean the bevel of the 
substrate by dispensing an etchant solution onto the bevel while the substrate is 
rotated under the fluid dispensing nozzle. The etchant solution operates to clean 
the bevel of any unwanted materials generated during plating processes. 

[0005] Thereafter, the cleaned/rinsed substrate is often transferred to an 
annealing chamber where the substrate is heated to a temperature sufficient to 
anneal the deposited film. However, the throughput of conventional plating systems 
may be limited by the availability of the annealing chamber, as an annealing process 
for a semiconductor substrate after plating may take several minutes. Further, once 
the annealing process is completed, the annealed substrate generally takes several 
minutes to cool down to a temperature that allows for transfer of the substrate to 
another processing chamber or device. 

[0006] Embodiments of the invention generally provide an electrochemical 
plating system having multiple plating cells capable of using multiple chemistries, a 
substrate rinsing cell, a substrate cleaning cell, and a two position annealing 
chamber, all of which are in communication with the electrochemical plating system. 

SUMMARY OF THE INVENTION 

[0007] Embodiments of the invention generally provide an electrochemical 
plating system. The plating system includes a substrate loading station positioned 
in communication with a mainframe processing platform, at least one substrate 
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plating cell positioned on the mainframe, at least one substrate bevel cleaning cell 
positioned on the mainframe, and a stacked substrate annealing station positioned 
in communication with at least one of the mainframe and the loading station, each 
chamber in the stacked substrate annealing station having a heating plate, a cooling 
plate, and a substrate transfer robot positioned therein. 

[0008] Embodiments of the invention generally provide an electrochemical 
plating system that includes a substrate loading station positioned in communication 
with a mainframe processing platform, at least one substrate plating cell positioned 
on the mainframe, at least one substrate bevel cleaning cell positioned on the 
mainframe, and a stacked substrate annealing station positioned in communication 
with at least one of the mainframe and the loading station, each chamber in the 
stacked substrate annealing station having a heating plate and a cooling plate 
positioned therein. 

[0009] Embodiments of the invention further provide a multi-chemistry plating 
system. The plating system includes a plurality of plating cells positioned on a 
common platform, a cleaning cell positioned on the platform, an annealing chamber 
positioned in communication with the platform, and a multi-chemistry fluid delivery 
system positioned in communication with the platform and in fluid communication 
with the plurality of plating cells, the fluid delivery system being configured to mix 
and distribute a plurality of fluid solutions to each of the plurality of plating cells. 

[0010] Embodiments of the invention further provide an electrochemical plating 
system having a central mainframe with a substrate transfer robot positioned 
thereon. The mainframe includes means for mixing multiple plating chemistries in 
communication with the mainframe, a plurality of electrochemical plating cells 
positioned on the mainframe, means for delivering multiple chemical solutions to 
each of the plurality of electrochemical plating cells, the means for delivering being 
in fluid communication with the means for mixing, means for removing unwanted 
deposits from a bevel of a substrate, means for rinsing and drying the substrate, and 
means for annealing the substrate. 

[0011] Embodiments of the invention further provide a multi-chemistry 
electrochemical plating system. The system includes an electrochemical plating cell 
positioned on a processing platform. The electrochemical plating cell includes a cell 
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body configured to contain a plating solution and having an overflow weir positioned 
thereon, an anode positioned in the cell body, an ionic membrane positioned across 
the cell body at a position above the anode and below the overflow weir, the ionic 
membrane separating an anolyte compartment below the membrane from a 
catholyte compartment above the membrane, and a porous diffusion member 
positioned in the cell body above the membrane and below the overflow weir. The 
system further includes a substrate cleaning cell positioned on the processing 
platform, and a stacked substrate annealing station positioned in communication 
with the processing platform. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to embodiments, some of 
which are illustrated in the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, for the invention may admit to 
other equally effective embodiments. 

[0013] Figure 1 is a top plan view of one embodiment of an electrochemical 
plating system of the invention. 

[0014] Figure 2 illustrates an exemplary embodiment of a plating cell used in the 
electrochemical plating cell of the invention. 

[0015] Figure 3 illustrates a perspective view of an exemplary annealing system 
of the invention. 

[0016] Figure 4 illustrates a top perspective view of an exemplary annealing 
chamber of the invention. 

[0017] Figure 5 illustrates a bottom perspective view of an exemplary robot blade 
of the invention. 

[0018] Figure 6 illustrates a perspective view with a partial sectional view of the 
heating plate of the annealing chamber. 
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[0019] Figure 7 illustrates a perspective view of a lower portion of the heating 
plate. 



[0020] Figure 8 illustrates a partial perspective and sectional view of an 
exemplary substrate spin rinse dry cell of the invention. 

[0021] Figure 9 illustrates a partial perspective and sectional view of another 
exemplary substrate spin rinse dry cell of the invention. 

[0022] Figure 10a illustrates a top perspective view of an exemplary substrate 
engaging finger for the spin rinse dry cell of the invention, wherein the finger is in the 
closed position. 

[0023] Figure 10b illustrates a top perspective view of an exemplary substrate 
engaging finger for the spin rinse dry cell of the invention, wherein the finger is in the 
open position. 

[0024] Figure 10c illustrates a side perspective view of an exemplary substrate 
engaging finger for the spin rinse dry cell of the invention, wherein the finger is in the 
closed position. 1 

[0025] Figure 10d illustrates a side perspective view of an exemplary substrate 
engaging finger for the spin rinse dry cell of the invention, wherein the finger is in the 
open position. 

[0026] Figure 1 1 illustrates a sectional view of an exemplary hub assembly of the 
invention. 

[0027] Figure 12 illustrates a top perspective view of a lower portion of the hub 
assembly. 

[0028] Figure 13 illustrates a top perspective view of an exemplary bevel clean 
cell of the invention. 

[0029] Figure 14 illustrates a top perspective view of an exemplary backside fluid 
dispensing manifold for the bevel clean cell of the invention. 

[0030] Figure 15 illustrates a perspective view of an exemplary substrate 
centering mechanism of the invention. 
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[0031] Figure 16 illustrates a sectional view of an exemplary substrate centering 
member of the invention. 



[0032] Figure 17 illustrates a top view of an exemplary substrate centering 
member of the invention. 

[0033] Figure 18 illustrates an exemplary fluid delivery system of the invention. 

[0034] Figure 19 illustrates an exemplary tank and conduit configuration of the 
invention. 

[0035] Figure 20 illustrates a perspective view of the interior components of a 
fluid tank of the invention. 

[0036] Figure 21 illustrates a plan view of an exemplary fluid tank of the 
invention. 

[0037] Figure 22 illustrates a perspective view of exemplary interior wail 
components of the fluid tank of the invention. 

[0038] Figure 23 illustrates a partial perspective and sectional view of an 
exemplary tank of the invention. 

[0039] Figure 24 illustrates a sectional view of a plating cell and head assembly 
during a tilting process. 

[0040] Figure 25 illustrates a sectional view of a plating cell and head assembly 
during an immersion process, i.e., during vertical actuation. 

[0041] Figure 26 illustrates a sectional view of a plating cell and head assembly 
during a tilting process after immersion. 

[0042] Figure 27 illustrates a sectional view of a plating cell and head assembly 
during an immersion process wherein the head assembly is positioning the 
substrate deeper in the plating solution. 

[0043] Figure 28 illustrates a sectional view of a plating cell and head assembly 
positioned in a processing position. 

[0044] Figure 29 illustrates a view of the substrate area during immersion. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0045] Embodiments of the invention generally provide a multi-chemistry 
electrochemical plating system configured to plate conductive materials onto 
semiconductor substrates. The plating system generally includes a substrate 
loading area in communication with a substrate processing platform. The loading 
area is generally configured to receive substrate containing cassettes and transfer 
substrates received from the cassettes to the processing platform for processing. 
The loading area generally includes a robot configured to transfer substrates to and 
from the cassettes and to the processing platform or a substrate annealing chamber 
positioned in communication with the loading area, processing platform, or a link 
tunnel positioned between the loading station and the processing platform- The 
processing platform generally includes at least one substrate transfer robot and a 
plurality of substrate processing cells, i.e., ECP cells, bevel clean cells, spin rinse 
dry cells, substrate cleaning cells, and/or electroless plating cells. The system of 
the invention allows for introduction of a dry substrate into a wet processing 
platform, wherein plating, cleaning (surface and bevel), drying, and annealing 
processes may be conducted on a unitary system platform. The plating process 
may utilize multiple plating chemistries and the output of the system is a dry, clean 
(both surface and bevel), and annealed substrate. 

[0046] Figure 1 illustrates a top plan view of an ECP system 100 of the invention. 
ECP system 100 includes a factory interface (Fl) 130, which is also generally 
termed a substrate loading station. Factory interface 130 includes a plurality of 
substrate loading stations configured to interface with substrate containing cassettes 
134. A robot 132 is positioned in factory interface 130 and is configured to access 
substrates contained in the cassettes 134. Further, robot 132 also extends into a 
link tunnel 115 that connects factory interface 130 to processing mainframe or 
platform 113. The position of robot 132 allows the robot to access substrate 
cassettes 134 to retrieve substrates therefrom and then deliver the substrates to 
one of the processing cells 114, 116 positioned on the mainframe 113, or 
alternatively, to the annealing station 135. Similarly, robot 132 may be used to 
retrieve substrates from the processing cells 114, 116 or the annealing chamber 135 
after a substrate processing sequence is complete. In this situation robot 132 may 
deliver the substrate back to one of the cassettes 134 for removal from system 100. 
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[0047] The anneal station 135, which will be further discussed herein, generally 
includes a two position annealing chamber, wherein a cooling plate/position 136 and 
a heating plate/position 137 are positioned adjacently with a substrate transfer robot 
140 positioned proximate thereto, e.g., between the two stations. The robot 140 is 
generally configured to move substrates between the respective heating 137 and 
cooling plates 136. Further, although the anneal chamber 135 is illustrated as being 
positioned such that it is accessed from the link tunnel 115, embodiments of the 
invention are not limited to any particular configuration or placement. As such, the 
anneal station 135 may be positioned in direct communication with the mainframe 
113, i.e., accessed by mainframe robot 120, or alternatively, the annealing station 
135 may be position in communication with the mainframe 113, i.e., the annealing 
station may be positioned on the same system as mainframe 113, but may not be in 
direct contact with the mainframe 113 or accessible from the mainframe robot 120. 
For example, as illustrated in Figure 1, the anneal station 135 may be positioned in 
direct communication with the link tunnel 115, which allows for access to mainframe 
113, and as such, the anneal chamber 135 is illustrated as being in communication 
with the mainframe 113. 

[0048] As mentioned above, ECP system 100 also includes a processing 

mainframe 113 having a substrate transfer robot 120 centrally positioned thereon. 

Robot 120 generally includes one or more arms/blades 122, 124 configured to 

support and transfer substrates thereon. Additionally, the robot 120 and the 

accompanying blades 122, 124 are generally configured to extend, rotate, and 

vertically move so that the robot 120 may insert and remove substrates to and from 

a plurality of processing locations 102, 104, 106, 108, 110, 112, 114, 116 positioned 

on the mainframe 113. Similarly, factory interface robot 132 also includes the ability 

to rotate, extend, and vertically move its substrate support blade, while also allowing 

for linear travel along the robot track that extends from the factory interface 130 to 

the mainframe 113. Generally, process locations 102, 104, 106, 108, 110, 112, 114, 

116 may be any number of processing cells utilized in an electrochemical plating 

platform. More particularly, the process locations may be configured as 

electrochemical plating cells, rinsing cells, bevel clean cells, spin rinse dry cells, 

substrate surface cleaning cells (which collectively includes cleaning, rinsing, and 

etching cells), electroless plating cells, metrology inspection stations, and/or other 

processing cells that may be beneficially used in conjunction with a plating platform. 

8 
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Each of the respective processing cells, and robots are generally in communication 
with a process controller 111, which may be a microprocessor-based control system 
configured to receive inputs from both a user and/or various sensors positioned on 
the system TOO and appropriately control the operation of system 10Q in accordance 
with the inputs. 

[0049] In the exemplary plating system illustrated in Figure 1, the processing 
locations may be configured as follows. Processing locations 114 and 116 may be 
configured as an interface between the wet processing stations on the mainframe 
113 and the dry processing regions in the link tunnel 115, annealing chamber 135, 
and the factory interface 130. The processing cells located at the interface locations 
may be spin rinse dry cells and/or substrate cleaning cells. More particularly, each 
of locations 114 and 116 may include both a spin rinse dry cell and a substrate 
cleaning cell in a stacked configuration. Locations 102, 104, 110, and 112 may be 
configured as plating cells, either electrochemical plating cells or electroless plating 
cells, for example. Locations 106, 108 may be configured as substrate bevel 
cleaning cells. Additional configurations and implementations of an electrochemical 
processing system are illustrated in commonly assigned United States Patent 
Application Serial No. 10/435,121 filed on December 19, 2002 entitled "Multi- 
Chemistry Electrochemical Processing System", which is incorporated herein by 
reference in its entirety. 

[0050] Figure 2 illustrates a partial perspective and sectional view of an 
exemplary plating cell 200 that may be implemented in processing locations 102, 
104, 110, and 112. The electrochemical plating cell 200 generally includes an outer 
basin 201 and an inner basin 202 positioned within outer basin 201. Inner basin 
202 is generally configured to contain a plating solution that is used to plate a metal, 
e.g., copper, onto a substrate during an electrochemical plating process. During the 
plating process, the plating solution is generally continuously supplied to inner basin 
202 (at about 1 gallon per minute for a 10 liter plating cell, for example), and 
therefore, the plating solution continually overflows the uppermost point (generally 
termed a "weir") of inner basin 202 and is collected by outer basin 201 and drained 
therefrom for chemical management and recirculation. Plating cell 200 is generally 
positioned at a tilt angle, i.e., the frame portion 203 of plating cell 200 is generally 
elevated on one side such that the components of plating cell 200 are tilted between 
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about 3° and about 30°, or generally between about 4° and about 10° for optimal 
results. The frame member 203 of plating cell 200 supports an annular base 
member on an upper portion thereof. Since frame member 203 is elevated on one 
side, the upper surface of base member 204 is generally tilted from the horizontal at 
an angle that corresponds to the angle of frame member 203 relative to a horizontal 
position. Base member 204 includes an annular or disk shaped recess formed into 
a central portion thereof, the annular recess being configured to receive a disk 
shaped anode member 205. Base member 204 further includes a plurality of fluid 
inlets/drains 209 extending from a lower surface thereof. Each of the fluid 
inlets/drains 209 are generally configured to individually supply or drain a fluid to or 
from either the anode compartment or the cathode compartment of plating cell 200. 
Anode member 205 generally includes a plurality of slots 207 formed therethrough, 
wherein the slots 207 are generally positioned in parallel orientation with each other 
across the surface of the anode 205. The parallel orientation allows for dense fluids 
generated at the anode surface to flow downwardly across the anode surface and 
into one of the slots 207. Plating cell 200 further includes a membrane support 
assembly 206. Membrane support assembly 206 is generally secured at an outer 
periphery thereof to base member 204, and includes an interior region configured to 
allow fluids to pass therethrough. A membrane 208 is stretched across the support 
206 and operates to fluidly separate a catholyte chamber and anolyte chamber 
portions of the plating celL The membrane support assembly may include an o-ring 
type seal positioned near a perimeter of the membrane, wherein the seal is 
configured to prevent fluids from traveling from one side of the membrane secured 
on the membrane support 206 to the other side of the membrane. A diffusion plate 
210, which is generally a porous ceramic disk member is configured to generate a 
substantially laminar flow or even flow of fluid in the direction of the substrate being 
plated, is positioned in the cell between membrane 208 and the substrate being 
plated. The exemplary plating cell is further illustrated in commonly assigned United 
States Patent Application Serial No. 1 0/268,284, which was filed on October 9, 2002 
under the title "Electrochemical Processing Cell", claiming priority to United States 
Provisional Application Serial No. 60/398,345, which was filed on July 24, 2002, 
both of which are incorporated herein by reference in their entireties. 

[0051] Figure 3 illustrates a perspective view of an exemplary stacked annealing 

system 300 of the invention. The stacked annealing system 300 may be positioned 
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at the annealing station 135 described in Figure 1, or at another location on a 
processing platform, as desired. Annealing system 300 generally includes a frame 
301 configured to support the various components of the annealing system 300. At 
least one annealing chamber 302 is positioned on the frame member 301 at a 
height that facilitates access thereto by a robot in the processing system, i.e., 
mainframe robot 120 or factory interface robot 132. In the illustrated embodiment, 
the annealing system 300 includes three (3) annealing chambers 302 stacked 
vertically on top of one another. However, embodiments of the invention are not 
intended to be limited to any particular number of annealing chambers or any 
particular spacing or orientation of the chambers relative to each other, as various 
spacing, numbers, and orientations may be implemented without departing from the 
scope of the invention. The annealing system 300 includes an electrical system 
controller 306 positioned on an upper portion of the frame member 301. The 
electrical system controller 306 generally operates to control the electrical power 
provided to the respective components of the annealing system 300, and in 
particular, the electrical system controller 306 operates to control the electrical 
power delivered to a heating element of the annealing chamber 302 so that the 
temperature of the annealing chamber may be controlled. Annealing system further 
includes fluid and gas supply assembly 304 positioned on the frame member 301, 
generally below the annealing chambers 302. The fluid and gas supply assembly 
304 is generally configured to supply an annealing processing gas, such as 
nitrogen, argon, helium, hydrogen, or other inert gases that are amenable to 
semiconductor processing annealing, to the respective annealing chambers 302. 
Fluid and gas supply assembly 304 is also configured to supply and regulate fluids 
delivered to the annealing chamber 302, such as a cooling fluid used to cool the 
chamber body 302 and/or annealed substrates after the heating portion of the 
annealing process is completed. The cooling fluid, for example, may be a chilled or 
cooled water supply. Supply assembly 304 may further include a vacuum system 
(not shown) that is individually in communication with the respective annealing 
chambers 302. The vacuum system may operate to remove ambient gases from 
the annealing chambers 302 prior to beginning the annealing process and may be 
used to support a reduced pressure annealing process. Therefore, the vacuum 
system allows for reduced pressure annealing processes to be conducted in the 
respective annealing chambers 302, and further, varying reduced pressures may be 
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simultaneously used in the respective annealing chambers 302 without interfering 
with the adjoining chamber 302 in the stack. 



[0052] Figure 4 illustrates a top perspective view of an exemplary annealing 
chamber 302 of the invention with the cover or lid portion of the chamber removed 
so that the internal components are visible. The annealing chamber 302 generally 
includes a chamber body 401 that defines an enclosed processing volume 400. The 
enclosed processing volume 400 includes a heating plate 402 and a cooling plate 
404 positioned therein proximate each other. A substrate transfer mechanism 406 
is positioned adjacent the heating and cooling plates and is configured to receive a 
substrate from outside the processing volume 400 and transfer the substrate 
between the respective heating and cooling plates during an annealing process. 
The substrate transfer mechanism 406 generally includes pivotally mounted robot 
assembly having a substrate support member/blade 408 positioned at a distal end 
of a pivotal arm of the robot. The blade 408 includes a plurality of substrate support 
tabs 410 that are spaced from the blade 408 and configured to cooperatively 
support a substrate thereon. Each of the support tabs 410 are generally spaced 
vertically (generally downward) from a main body portion 408 of the blade, which 
generates a vertical space between blade 408 and tabs 410. This spacing allows 
for a substrate to be positioned on the tabs 410 during a substrate loading process, 
which will be further described herein. Further, each of the heating and cooling 
plates 402, 404 include a corresponding number of notches 416 formed into the 
outer perimeter thereof, wherein the notches 416 are spaced and configured to 
cooperatively receive tabs 410 therein when the blade member 408 is lowered 
toward to the respective heating and cooling plates 402, 404. 

[0053] In another embodiment of the invention, the transfer mechanism 406 
includes a reinforced blade member 500, as illustrated in Figure 5. The blade 
member 500 includes a unitary frame member 501 that is configured to maintain it's 
structural shape, i.e., the unitary blade member 501 is shaped and designed for 
minimal movement in the structure itself (wiggle, bending, bowing, etc.). The unitary 
frame member 501 includes a substrate supporting ring or member 502 attached to 
a lower portion of the frame member 501. The substrate support member 502 
includes substrate support tabs 503 (similar to the tabs 410 illustrated in Figure 4) 
that are positioned radially inward with respect to the frame member 501 . The tabs, 
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in similar fashion to tabs 410, are spaced and configured to support a substrate 
thereon, as well as be received in the notches 416 of the respective heating and 
cooling plates. 

[0054] The body 401 of the annealing chamber, which may be manufactured 
from aluminum, for example, generally defines an interior processing volume 400. 
Outer body 401 generally includes a plurality of fluid conduits (not shown) formed 
therethrough, wherein the fluid conduits are configured to circulate a cooling fluid to 
reduce the temperature of the outer body 401 . The cooling fluid may be supplied to 
the fluid conduits formed into the outer body 401 and circulated through the outer 
body 401 by cooling fluid connections 420. 

[0055] The cooling plate 404 generally includes a substantially planar upper 
surface configured to support a substrate thereon. The upper surface includes a 
plurality of vacuum apertures 422, which are selectively in fluid communication with 
a vacuum source (not shown). The vacuum apertures 422 may generally be used 
to generate a reduced pressure at the upper surface of the cooling plate 404 in 
order to secure or vacuum chuck a substrate to the upper surface. The interior 
portion of the cooling plate may include a plurality of fluid conduits formed therein, 
wherein the fluid conduits are in fluid communication with the cooling fluid source 
used to cool the chamber body 401. When the fluid conduits are implemented into 
the cooling plate, the cooling plate may be used to rapidly cool a substrate 
positioned thereon. Alternatively, the cooling plate may be manufactured without 
the cooling passages formed therein, and in this embodiment, the cooling plate may 
be used to cool a substrate at a slower rate than the embodiment where the cooling 
plate is essentially chilled by the cooling conduits formed therein. Further, as noted 
above, the cooling plate 404 includes a plurality of notches 416 formed into the 
perimeter of the plate 404, wherein the notches 416 are spaced to receive the tabs 
410 of the substrate support blade 408 when the blade is lowered into a processing 
position. 

[0056] The heating plate 402, in similar fashion to the cooling plate 404, also 
includes a substantially planar upper substrate support surface. The substrate 
1 support surface includes a plurality a vacuum apertures 422 formed therein, each of 
the vacuum apertures 422 being selectively in fluid communication with a vacuum 
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source (not shown). As such, the vacuum apertures 422 may be used to vacuum 
chuck or secure a substrate to the heating plate 402 for processing. The interior of 
the heating plate 402 includes a heating element (not shown), wherein the heating 
element is configured to heat the surface of the heating plate 402 to a temperature 
of between about 100° C to about 500° C. The heating element may include, for 
example, an electrically driven resistive element or a hot fluid conduit formed into 
the heating plate 402, wherein the hot fluid is also configured to heat the surface of 
the heating plate 402. Alternatively, the annealing chambers of the invention may 
utilize an external heating device, such as lamps, inductive heaters, or resistive 
elements, positioned above or below the heating plate 402. Further, as noted 
above, the heating plate 402 includes a plurality of notches 416 formed into the 
perimeter of the plate 402, wherein the notches 416 are spaced to receive the tabs 
410 of the substrate support blade 408 when the blade is lowered into a processing 
position. 

[0057] Figure 6 illustrates a perspective view with a partial sectional view of the 
heating plate 402. The sectional view of plate 402 illustrates a heating plate base 
member 608 that has a resistive heating element 600 positioned thereon. The 
resistive heating element is encased in the interior portion 610 of the heating plate 
402, as illustrated in Figure 7. More particularly, the interior portion 610 includes a 
channel formed therethrough, wherein the channel is sized and spaced to receive 
the heating element 600. A top plate 612 is positioned above the interior portion 
610. The top, interior, and base members 608 are generally manufactured from a 
metal having desirable thermal conductivity properties, such as aluminum, for 
example. Additionally, the three sections of the plate 402 may be brazed together to 
form a unitary heat transferring plate 402. The lower portion of the plate 402, i.e., 
the bottom of the base member 608, includes a stem 606 that supports the plate 
402. The stem is generally of a substantially smaller diameter than the plate 
member 402, which minimizes thermal transfer to the chamber base or walls. More 
particularly, the stem member generally has a diameter of less than about 20% of 
the diameter of the heating plate 402. Additionally, the lower portion of the stem 
606 includes a thermocouple 604 for measuring the temperature of the heating plate 
402 and a power connection 602 to conduct electrical power to the heating element 
600. 
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[0058] The annealing chamber may include a pump down aperture 424 
positioned in fluid communication with the processing volume 400. The pump down 
aperture 424 is selectively in fluid communication with a vacuum source (not shown) 
and is generally configured to evacuate gases from the processing volume 400. 
Additionally, the annealing chamber generally includes at least one gas dispensing 
port 426 or gas dispensing showerhead positioned proximate the heating plate 402. 
The gas dispensing port is selectively in fluid communication with a processing gas 
source, i.e., supply source 304, and is therefore configured to dispense a 
processing gas into the processing volume 400. The gas dispensing port 426 may 
also be a gas showerhead assembly positioned in the interior of the annealing 
chamber, for example. The vacuum pump down aperture 424 and the gas 
dispensing nozzle may be utilized cooperatively or separately to minimize ambient 
gas content in the annealing chamber, i.e., both of the components or one or the 
other of the components may be used. 

[0059] The annealing chamber 302 includes a substrate transfer mechanism 
actuator assembly 418 that is in communication with the robot 406. The actuator 
418 is generally configured to control both pivotal movement of the blade 408, as 
well as the height or Z position of the blade relative to the heating or cooling 
member. An access door 414, which may be a slit valve-type door, for example, is 
generally positioned in an outer wall of the body portion 401 . The access door 414 
is generally configured to open and allow access into the processing volume 400 of 
the annealing chamber 302. As such, access door 412 may be opened and a robot 
412 (which may be robot 132 from the exemplary Fl or the exemplary mainframe 
substrate transfer robot 120 illustrated in Figure 1, for example) may enter into the 
processing volume 400 to drop off or retrieve a substrate from one of the annealing 
chambers 302. 

[0060] More particularly, the process of inserting a substrate into the annealing 
chamber includes, for example, positioning the blade 408 over the cooling plate 404 
in a loading position, i.e., a position where the tabs 410 are vertically positioned at a 
location above the upper surface of the cooling plate 404. As briefly noted above, 
the blade 408 and tabs 410 are positioned relative to each other such that there is a 
vertical space between the upper surface of the tabs 410 and the lower surface of 
the blade 408. This vertical space is configured to allow a robot blade 412 having a 
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substrate supported thereon to be inserted into the vertical space and then lowered 
such that the substrate is transferred from the blade 412 to the substrate support 
tabs 410. Once the substrate is supported by the tabs 410, the external robot blade 
412 may be retracted from the processing volume 400 and the access door 414 
may be closed to isolate the processing volume 400 from the ambient atmosphere. 
In this embodiment, once the door 414 is closed, a vacuum source in 
communication with the pump down aperture 424 may be activated and caused to 
pump a portion of the gases from the processing volume 400. During the pumping 
process, or shortly thereafter, the process gas nozzle(s) 426 may be opened to 
allow the processing gas to flood the processing volume 400. The process gas is 
generally an inert gas that is known not to react under the annealing processing 
conditions. This configuration, i.e., the pump down and inert gas flooding process, 
is generally configured to remove as much of the oxygen from the annealing 
chamber/processing volume as possible, as the oxygen is known to cause oxidation 
to the substrate surface during the annealing process. The vacuum source may be 
terminated and the gas flow stopped when the chamber reaches a predetermined 
pressure and gas concentration, or alternatively, the vacuum source may remain 
activated during the annealing process and the gas delivery nozzle may continue to 
flow the processing gas into the processing volume. 

[0061] In another embodiment of the invention,, a vacuum source is not used to 
purge the processing volume of unwanted gases, i.e., oxygen containing gases. 
Rather, a positive processing gas pressure is used to minimize the oxygen content 
in the processing volume 400. More particularly, the gas supply 426 to the 
processing volume 400 may be activated anytime when the door 414 is opened, so 
that a positive pressure is built up in the processing volume. This positive pressure 
causes an outward flow of gas from the annealing chamber when the door 414 is 
opened, which minimizes the amount of oxygen entering the processing volume 
400. This process may be combined with a vacuum pump down process to 
increase the likelihood of removing the oxygen from the processing volume. 

[0062] Once the substrate is positioned on the blade member 408, the substrate 
may be lowered onto the cooling plate 404 or heating plate 402. The process of 
lowering the substrate onto either the heating plate 402 or the cooling plate 404 
generally includes positioning the blade member 408 above the respective plate 
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such that the substrate support tabs 410 are positioned above the notches 416 
formed into the perimeter of the plates. The blade member 408 may then be 
lowered such that the tabs 410 are received in the notches 416. As the substrate 
support tabs 410 are received in the notches 416, the substrate supported on the 
tabs 410 is transferred to the upper surface of the respective heating or cooling 
plate. The transfer process generally includes activating the vacuum apertures 422 
formed into the plate upper surfaces, so that a substrate is secured to the surface 
without movement when placed thereon. The heating plate is generally heated to a 
predetermined annealing temperature, such as between about 150° C and about 
400° C, before the substrate is positioned thereon. Alternative temperature ranges 
for the heating plate include between about 150° C and about 250° C, between 
about 150° C and about 325° C, and between about 200° C and about 350° C, for 
example. The substrate is positioned on the heating plate 402 for a predetermined 
period of time and annealed, generally between about 15 seconds and about 120 
seconds, for example, depending on the desired annealing temperature and the 
time required to generate the desired structure in the layer deposited on the 
substrate. 

[0063] Once the heating portion of the annealing process is completed, the 
substrate is transferred to the cooling plate 404. The transfer process includes 
terminating the vacuum chucking operation and lifting the blade member 408 
upward until the tab members 410 engage and support the substrate thereon, i.e., 
wherein the tabs 410 lift the substrate off of the heating plate surface. The blade 
member 408 may then be pivoted from the heating plate 402 to the cooling plate 
404. Once above the cooling plate 404, blade 408 may be lowered to position the 
substrate onto the cooling plate 404. In similar fashion to the lowering process 
described below, the substrate may be lowered onto the cooling plate while the 
vacuum apertures 422 are simultaneously operating to secure the substrate to the 
upper surface of the cooling plate 404. 

[0064] The cooling plate is generally maintained at a reduced temperature, such 
as between about 15° C and about 40° C, and therefore, the cooling plate operates 
to receive or sink heat from the substrate positioned thereon or proximate thereto. 
This process may be used to cool the substrate from the annealing temperature 
down to less than about 70° C, or more particularly, between about 50° C and about 
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100° C in less than 1 minute, or more particularly, in less than about 15 seconds. 
More particularly, the cooling plate may be used to rapidly cool the substrate to 
between about 50° C and about 70° C in less than about 12 seconds. Once the 
substrate is cooled to the desired temperature, the blade 408 may be used to raise 
the substrate off of the cooling plate 404. With the substrate raised, the door 414 
may be opened and the outside robot blade 412 may be brought into the processing 
volume and used to remove the substrate from the blade member 408. Once the 
substrate is removed, another substrate may be positioned in the annealing 
chamber and the annealing process described above repeated. 

[0065] In another embodiment of the invention, the substrate temperature may 
be gradually ramped up to the annealing temperature or down to the cooled 
substrate temperature. More particularly, robot arm 406 may be lowered to a 
position just above the heating plate 402, i.e., spaced apart from the plate 402 by an 
air gap or space. The air gap between the substrate and the heating plate 402 
functions as a thermal buffer to slow the temperature increase of the substrate. For 
example, heating plate 402 may be heated to about 210° C and then the substrate 
may be positioned about 1 mm to about 5 mm away from the heating plate 402. 
The heat from the plate 402 slowly transfers to the substrate (slowly relative to the 
rate of heat transfer if the substrate were positioned directly onto the heating plate 
402) across the air gap or space between the substrate and the heating plate 402. 
The ramp time to the annealing temperature may further be adjusted by adjusting 
the spacing of the substrate, i.e., if a faster ramp time is desired, then the substrate 
may be positioned closer to the heating plate. Similarly, positioning the substrate 
farther away from the heating plate, i.e., increasing the air gap, may be used to 
decrease the ramp time. The time to ramp may be between about 10 seconds and 
about 45 seconds, for example. Once the substrate temperature ramps up to the 
annealing temperature, then the substrate may be lowered onto the heating plate 
402 for the remainder of the annealing process. Similarly, the robot may be 
positioned spaced from the cooling plate in order to ramp the cooling temperature 
down, if desired. 

[0066] Figure 8 illustrates a partial perspective and sectional view of an 
exemplary substrate spin rinse dry cell 800 of the invention. The spin rinse dry cell 
800 (SRD) includes a fluid bowl/body 801 supported on a frame that may be 
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attached to a plating system, such as the mainframe 113 illustrated in Figure 1. The 
SRD 800 further includes a rotatable hub 802 centrally positioned in the fluid bowl 

801. Hub 802 includes a generally planar upper surface that has a plurality of 
backside fluid dispensing nozzles 808 formed thereon and at least one gas 
dispensing nozzle 810 formed thereon (also shown in Figure 5 as nozzles 503). A 
plurality of upstanding substrate support fingers 803 are positioned radially around 
the perimeter of hub 802. In the illustrated embodiment of the invention, four fingers 
803 are shown (see Figure 12), however, the invention is not limited to any 
particular number of fingers. Fingers 803 are configured to rotatably support a 
substrate 804 at the bevel edge thereof for processing in SRD 800. The upper 
portion of SRD 800 includes lid member 805, which is generally dome shaped, that 
operates to enclose a processing space below the dome 805 and above the hub 

802. Further, dome member 805 includes at least one gas nozzle 807 positioned 
therein that is configured to dispense a processing gas into the processing space, 
and a fluid manifold 806 configured to dispense a processing fluid therefrom onto 
the substrate 804 secured to the fingers 803. At least one side of the SRD 800 
includes a door or opening (not shown) that may be selectively opened and closed 
to provide access to the processing area of SRD 800. The lower portion of SRD 
800 includes an annular shield member 812 positioned around the perimeter of the 
basin. The shield 812 is positioned below and radially outward of the substrate 
support member 802, and therefore, is configured to shed fluid outwardly to the 
perimeter of the basin. Additionally, shield 812 is configured to be vertically 
actuatable, as will be further discussed herein. 

[0067] In another embodiment of the invention, the processing space is not 

confined at an upper portion by a lid or upper member. In this embodiment, the 

processing cell 800 would include a lower drain basin and upstanding side walls, 

however, the upper portion of the processing space would generally be open. 

Further, in this embodiment the fluid dispensing nozzle or manifold would generally 

be positioned or mounted on the upstanding side wall portion of the cell. For 

example, a fluid dispensing arm may be pivotally mounted to the side wall such that 

a distal end of the arm having a fluid dispensing nozzle positioned thereon may be 

pivoted to a position over a substrate being processed in the cell. The pivotal 

motion of the arm is generally in a plane that is parallel and above the substrate 

being processed, and therefore, the pivotal movement of the arm allows for the 
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nozzle positioned on the end of the arm to be positioned over specific radial 
positions on the substrate, i.e., over the center of the substrate or over a point that is 
a specific radius from the center of the substrate, for example. Aside from the 
repositioning of the fluid dispensing nozzle, this embodiment of the invention is. 
structurally similar to the previous embodiment and functions in a similar manner. 
For example, Figure 9 illustrates a partial perspective and sectional view of another 
exemplary substrate spin rinse dry cell of the invention. In this embodiment of the 
invention, the SRD cell is substantially similar to the cell illustrated in Figure 8, 
except that the SRD cell illustrated in Figure 9 does not include a lid 805. As such, 
the SRD cell illustrated in Figure 9 is not enclosed during the rinsing process. 
Another difference between the SRD cell illustrated in Figure 8 and the embodiment 
illustrated in Figured 9 is that the SRD illustrated in Figure 9 includes a pivotally 
mounted fluid dispensing nozzle 850, which operates to replace the fluid dispensing 
manifold 806 formed into the lid 805. The nozzle 850 is configured to pivot outward 
over the substrate surface and dispense a processing fluid, generally deionized 
water, onto the substrate surface proximate the center of the substrate. 
Additionally, cell wall 809, along with the attached shield 814 and curved surface 
816 may be raised and lowered to facilitate loading and unloading of substrates. 
For example, when a substrate is loaded, wall 809 may be lowered to allow for 
access to the substrate support fingers 803. When processing begins, then the wall 
809 may be raised to position the catch cup 814 and curved wall 816 next to the 
substrate so the that the fluid spun off of the substrate may be captured and airflow 
over the perimeter of the substrate controlled, as will be further discussed herein. 

[0068] Figures 10A - 10D illustrate more detailed views of the finger members 

803 of the exemplary SRD 800. More particularly, Figure 10A illustrates a top 

perspective view of an exemplary substrate engaging finger 803 in a closed 

position. The substrate engaging finger assembly generally includes a base 1007 

having an upstanding pivotally mounted airfoil/clamp member 1000 extending 

therefrom. The finger assembly further includes a lower actuator portion 1008 

(shown in Figure 10C) positioned inward of the upstanding airfoil portion 1000 and 

pivotally mounted about a pivot point 1002. The airfoil 1000 is generally a wing 

shaped member when viewed from the top that is configured to be rotated within the 

processing space, while generating a minimal amount of airflow disturbance. The 

leading edge of the airfoils 1000, i.e., the side of the airfoil that the air first contacts 
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when the fingers 803 are rotated, is generally rounded to provide a minimal drag 
and turbulence path for air contacting the finger 803 to pass by the finger 803 
without generating turbulence or unwanted airflows in the processing space. The 
trailing edge of the airfoil 1000, i.e., the edge of the airfoil opposite the rounded or 
leading edge, is generally smaller in cross section than the rounded edge, as shown 
in Figure 10A. The leading edge and the trailing edge are connected by a generally 
smooth and sometimes arcing or curving surface 1005. As such, the airflow over 
the airfoil 800 when it is rotated is smooth and generates minimal turbulent air 
effects in the processing space. The smooth surface 1005 includes a horizontally 
oriented notch or channel 1006, wherein the notch is sized and configured to 
receive and engage the bevel edge of the substrate 804 during processing. The 
channel 1006 generally extends horizontally across surface 1005, i.e., in a direction 
that is generally orthogonal to the vertical axis of airfoil 1000. 

[0069] Fingers 803 further include an inner fixed post 1001 that is rigidly attached 
to the base member 1007. Posts 1001 extend upward through an exposed channel 
formed into the inner surface 1005 of the pivotally mounted airfoil members 1000. 
Thus, posts 1001 remain stationary, while airfoils 1000 are pivotally mounted via 
pivot member 1002, as illustrated in Figure 10C. Further, the upper terminating end 
of post 1001 includes a substrate supporting surface 1004 formed thereon. The 
support surface 1004 includes a generally horizontal portion configured to support a 
substrate thereon, a vertical or angled portion positioned radially outward of the 
horizontal portion to maintain the substrate at a position radially inward of the post 
1001 and to guide the substrate onto the support surface 1004, and a horizontal 
notch or slot 1006 that engages the bevel of a substrate 804 supported by the post 
1001 and the airfoil 1000. 

[0070] Figure 10B illustrates a top perspective view of the finger 803 in an open 
or loading position. More particularly, when the finger member is in the open 
position the airfoil 1000 is pivoted outward such that the upper surface of the fixed 
post 1001 is exposed. The airfoil 1000 may be pivoted to this position via 
movement of the actuator portion 1008 upward. This movement causes the upper 
terminating end of the airfoil 1000 to pivot outward as a result of the placement of 
the pivot point 1002. The result of the pivotal movement of the airfoil 1000 is that 
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the upper substrate supporting surface of the post member 1001 is positioned such 
that a substrate may be positioned thereon. 



[0071] Figure 10D illustrates the finger assembly in the open position from a side 
view, which illustrates how the upper surface 1004 of post 1001 extends from the 
airfoil 1000 such that the substrate support surface 1004 is positioned to support the 
edge of a substrate. Figure 10D illustrates a side perspective view and Figure 10A 
illustrates a plan view of the finger assembly in the closed or processing position. 
The closed position generally corresponds to a position of the post 1001 relative to 
the airfoil 1000 where the substrate 804 is secured to the hub 802 (via fingers 803) 
for processing. Similarly, the open position generally corresponds to the position of 
post 1001 relative to the airfoil 1000 where the upper substrate support portions 
1004 of post 1001 are positioned to receive a substrate thereon. Thus, the open 
position is essentially a substrate loading position and the closed position is 
essentially a substrate processing position. In the closed position (Figures 10A and 
10C) the substrate is supported at the bevel edge by the horizontal slot 1006 of the 
airfoil 1000, which is pivoted inward about pivot point 1002 to engage the substrate 
for processing. 

[0072] The process of actuating the finger members generally includes 
mechanically engaging and vertically moving the lower actuator portion 1008. For 
example, vertical or upward movement of the lower actuator portion 1008 causes 
the airfoil member 803 to pivot outward to expose the substrate support post 1001. 
The lower actuator portion is vertically actuated via vertical actuation of the shield 
member 812, which is positioned to mechanically engage the lower actuator portion. 
Thus, when the substrate is being loaded onto the fingers, shield 812 is raised to 
open the fingers to a substrate receiving/loading position. Once the substrate is 
loaded, then shield 812 may be lowered and the substrate engaged by slots 1006 
for the rinsing process. The unloading process may be conducted in substantially 
the same manner. 

[0073] Figure 11 illustrates a partial sectional view of the hub 802 illustrated in 
Figure 2. Hub 802 is generally rotatably mounted via a central support member 
positioned on the underside of the hub 802. The interior portion of the central 
support member includes a conduit 1101 configured to communicate a rinsing fluid 
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to a plurality of fluid dispensing apertures 1 103 formed onto the upper surface 1 104 
of the hub 802 via a fluid dispensing manifold 1102. Additionally, the central support 
member generally includes a second conduit (not shown) formed therein that is 
configured to communicate a drying gas to a plurality of gas dispensing purge ports 
1104. Further, embodiments of the invention contemplate that the fluid and gas 
conduits may be combined into a single conduit, wherein a valve assembly is used 
to switch between fluid and gas supplied to the single conduit. 

[0074] Figure 12 illustrates a top perspective view of a lower portion of the hub 
assembly 802. More particularly, although hub assembly 802 may be a unitary 
element, embodiments of the invention also contemplate that the hub assembly 802 
may include separate elements that rotate independently. For example, Figure 12 
illustrates an exemplary lower portion of a hub assembly 802. The exemplary lower 
portion is generally a disk shaped member having a central aperture 1200 formed 
therein. The outer portion of the lower disk shaped member includes an upper 
planar surface 1201 and the plurality of substrate engaging fingers 803 positioned 
radially around the perimeter. In this configuration, the gas and fluid delivery 
apertures formed into surface 1104, as illustrated in Figure 11, may be positioned in 
the central aperture 1200 on an element that is separate from the disk shaped 
member illustrated in Figure 12. In this configuration the central portion of the hub 
802 (the portion represented by surface 1104 that may be positioned in aperture 
1200) may be fixed, while the outer portion of the hub 802 (the portion represented 
by the disk shaped member illustrated in Figure12) may rotate with respect to the 
fixed inner portion. This allows the fluid and gas dispensing nozzles dispense their 
respective fluids over the entire area of the substrate, as the respective members 
are rotating relative to each other. 

[0075] In operation, the spin rinse dry cell 800 generally operates to receive a 
substrate therein, rinse the substrate with a rinsing fluid, and dry the substrate via 
spinning the substrate to centrifugally urge fluid off of the substrate surface, while 
also dispensing a drying gas into the cell containing substrate to further facilitate the 
drying process. A substrate may be positioned in the cell 800 via the door, which 
may be positioned on one side of cell 800, or alternatively, cell 800 may include 
more than one door positioned on, for example, opposing sides of the cell, such that 
substrate may be brought into cell 800 on one side and taken out of cell 800 on 
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another side. Substrates are generally positioned in cell 800 by a substrate transfer 
robot that generally supports the substrates from the underside, and therefore, when 
the substrate is transferred into the cell 800, it is generally positioned above the 
fingers 803 in a face up configuration. The fingers 803 are actuated to the open 
position, i.e., the position where the upper surface 1004 of the fixed post 1001 is 
exposed. With the upper surface 1004 exposed, the robot may lower the substrate 
onto the plurality of fingers 803 such that the substrate is supported by the upper 
surface 1004 of each of the fingers 803. The upper portion of the fixed posts may 
include an inwardly inclining surface 1010 that is configured to guide the substrate 
inwardly or center the substrate on the respective posts 1001 . Once the substrate is 
positioned on the horizontal surfaces 1004, the robot blade may retract from cell 800 
and the door may be closed to isolate the interior processing volume of cell 800 
from the ambient atmosphere. 

[0076] Once a substrate is positioned on the upper surface 1004 of the substrate 
support fingers 803, the substrate support fingers 803 may be actuated to engage 
the bevel edge of the substrate. More particularly, the lower portion 1008 of fingers 
803 may be actuated downward, thus causing the upper terminating end to pivot 
inwardly towards the substrate supported on surface 1004. As the upper 
terminating end of airfoil 1000 pivots inwardly, the horizontal notch or groove 1006 
(illustrated in Figures 10C and 10D) engages the bevel edge of the substrate, thus 
securing the substrate between the respective fingers 803. The engagement of the 
bevel edge of the substrate by the airfoil grooves 1006 removes the substrate from 
being supported by the upper surfaces 1004 of the fixed post members 1001, and 
supports the substrate for processing exclusively via engagement of the bevel edge 
by the horizontal notches or slots 1006, which are configured to minimally contact 
the substrate surfaces. 

[0077] Once the substrate is secured to the substrate support fingers 803, 
processing may begin. Generally, processing in cell 800 will include rinsing and 
drying the substrate positioned therein. The rinsing and drying processes generally 
includes rotating the substrate, and therefore, fingers 803 are generally secured to a 
rotatable-type hub 802, as illustrated in Figure 8. Once the substrate is rotating, 
fluid dispensing nozzles may dispense a rinsing fluid onto the front, back, or both 
sides of the rotating substrate. Fluid dispensed onto the front side of the substrate 
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may be dispensed by manifold 806 positioned in the lid member 805, while fluid is 
dispensed to onto the back side of the substrate may be dispensed by the fluid 
apertures 1 103 formed into the hub 802. Although various rinsing solutions suitable 
for semiconductor processing are contemplated within the scope of the invention, Dl 
is an exemplary rinsing solution that may be dispensed onto the substrate in order 
to rinse the surface thereof. Further, and since the substrate is rotating during the 
process of dispensing the rinsing fluid thereon, the fluid is generally urged radially 
outward toward the perimeter of the substrate. In this manner that fluid flows off of 
the bevel edge of the substrate and is collected in the bottom of cell 800. Higher 
rotation speeds of the hub 802 will cause the fluid to flow outward and off of the 
substrate surface in a nearly horizontal manner, while lower rotation speeds may be 
used to allow the rinsing fluid to travel outward across the surfaces of the substrate 
and slightly wrap around the bevel of the substrate before being spun off by 
centrifugal force. 

[0078] Once the substrate is rinsed for a predetermined period of time, the 
rinsing process may be discontinued. This generally corresponds to discontinuing 
the rinsjng fluid flow to the substrate, however, generally, the substrate rotation is 
maintained after the rinsing fluid dispensing process is terminated. This continual 
rotation operates to urge any remaining droplets of the rinsing fluid that may be 
adhering or clinging to the substrate surfape radially outward and off of the substrate 
surface. Further, a drying gas may be dispensed into the processing area and 
directed to the substrate surface in order to further facilitate the removal of any 
remaining fluid from the substrate surface. For example, nitrogen may be 
dispensed into the processing volume via the upper purge nozzle 807 and the lower 
purge apertures 1 104 while the substrate is being spun dry. 

[0079] Once the drying process is complete, the substrate may be removed from 
the cell 800. This process generally includes reversing the substrate entry process, 
and more particularly, generally includes opening one of the doors to allow access 
to the substrate by a robot. Once the door is opened, a robot blade may enter into 
the processing volume below the substrate and be brought into a position proximate 
the substrate. The substrate support fingers 803 may then be actuated to the open 
position, i.e., actuator 1008 may be urged upward such that the upper terminating 
end of airfoil 1000 is pivoted outward to disengage the substrate from the horizontal 
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groove or slot 1006. The substrate may then be positioned on the upper surface 
1004 of the inner fixed posts 1001. The robot blade may then be actuated upward 
to lift the substrate off of surfaces 1004 and remove the substrate from the 
processing volume via the door. 

[0080] An exemplary spin rinse dry process may generally include a multi-step 
process. The first step (prerinse top) of the process includes rotating the substrate 
between about 900 rpm and about 1700 rpm, generally about 1300 rpm, for about 2 
to about 6 seconds, while between about 1000 ml and about 1500 ml of a rinsing 
solution are dispensed onto the production surface or topside of the substrate. The 
second step (prerinse top and back) includes rotating the substrate between about 
100 rpm and about 140 rpm while dispensing between about 1000 ml and about 
1500 ml of rinsing solution onto the production surface and between about 600 ml 
and about 1000 ml of rinsing solution onto the backside of the substrate in about 6 
seconds. The third step (backside clean) includes rotating at between about 40 rpm 
and about 90 rpm and dispending between about 200 ml and about 500 ml of 
chemistry, generally H202 and H2S04, onto the backside of the substrate while 
dispensing between about 1000 ml and about 1500 ml of rinsing solution onto the 
production surface for about 15 seconds, which generally operates to clean the 
backside of the substrate. The fourth step (post rinse) includes dispensing between 
about 1000 ml and about 1500 ml of rinsing solution onto the production surface, 
while dispensing between about 600 ml and about 1000 ml of rinsing solution onto 
the backside of the substrate while rotating at between about 40 rpm and about 90 
rpm for between about 10 seconds and about 16 seconds. The fifth step (bulk fluid 
spin off) includes terminating fluid flow to both sides and rotating the substrate 
between about 400 rpm and about 600 rpm for between about 3 seconds and about 
6 seconds with a backside gas purge (nitrogen) flowing at a rate of between about 2 
and about 4 cfm. The sixth step (bulk fluid spin off) includes rotating the substrate 
at between about 600 rpm and about 900 rpm while gas purging the backside of the 
substrate (nitrogen) at a flow rate of between about 2 and about 4 cfm for about 4 
seconds. The seventh step (dry) includes rotating the substrate between about 
2000 rpm and about 3000 rpm for between about 10 seconds and about 20 seconds 
with no gas and no fluid flow. 
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[0081] Additionally, the SRD cell of the invention is configured to generate an 
airflow pattern that prevents backflow or backspiash of the rinsing fluid onto the 
substrate, as this is known to hinder efficient drying of substrates. The SRD cell is 
configured to minimize backflow of air, i.e., flow of air toward the center of the 
substrate, via a catch cup shield 814 and a contoured outer surface 816 of the cell, 
as illustrated in Figure 8. Specifically, the catch cup shield extends radially inward 
from the cell wall 809 and is positioned such that a distal terminating annulus of the 
shield 814 terminates at a point radially outward of the substrate and just below the 
lower surface of the substrate. The contoured portion of the wall 816 is shaped 
such that the upper portion of the contour terminates above the substrate and the 
lower terminating portion of the contour terminates below the lower surface of the 
substrate, generally into a backside or end opposite the annulus end of the catch 
cup 814. This configuration allows for the fluid that is spun off of the substrate to be 
received by the catch cup 814 and allowed to flow downward through the catch cup 
814 via a plurality of holes formed therein. Additionally, the radially outwardly 
projecting (spiraling) airflow generated by the rotation of the substrate is also 
channeled above the catch cup and directed downwardly by the contoured surface 
816. The airflow travels through the holes and may be evacuated from the chamber 
from below via a reduced pressure region 818. Therefore, the configuration of the 
SRD cell of the invention generates a radially outward airflow that does not reverse 
direction toward the center of the substrate, which prevents fluid mist from returning 
to the substrate surface and prolonging the drying process. 

[0082] Figure 13 illustrates a top perspective view of an exemplary bevel clean 

cell or chamber 1300 of the invention. As noted above, bevel clean cell 1300 may 

be positioned at any one of the processing locations 102, 104, 106, 108, 110, 112, 

114, and 116, indicated on system 100. However, in the present exemplary 

embodiment of the invention, bevel clean cells 1300 are generally positioned at 

processing locations 106 and 108. Figure 13 is a top perspective view of the 

exemplary bevel clean cell 1300, and Figure 13 generally illustrates the upper 

components of the exemplary bevel clean cell 1300. These components generally 

include a cell bowl or chamber having an upstanding wall portion 1301 and drain 

basin 1302 in communication with the lower portion of wall 1301. The cell bowl is 

generally manufactured from a plastic material, a nylon-type material, or metal 

material coated with a non metal. The material is generally selected to be non 
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reactive with semiconductor processing etchant solutions. Drain basin 1302 is 
generally configured to receive a processing fluid thereon, and channel the 
processing fluid to a fluid drain (not shown). A central portion of basin 1302 
includes a substrate chuck 1303. The substrate chuck 1303, which generally may 
be any type of substrate chuck used in semiconductor processing, is configured to 
be rotatable and/or vertically actuatable. More particularly, substrate chuck 1303 
may be a vacuum chuck having at least one vacuum aperture formed into the upper 
surface thereof, wherein the vacuum aperture is selectively in fluid communication 
with a vacuum source, such that the vacuum source and vacuum aperture may 
cooperatively operate to secure a substrate to substrate chuck 1303 via application 
of negative pressure to a volume between the substrate chuck 1303. Substrate 
chuck 1303 is generally supported by a mechanical mechanism positioned below 
drain basin 1302, wherein the mechanical mechanism is configured to impart both 
rotational movement to chuck 1303, as well as optional vertical movement to chuck 
1303, i.e., the mechanical mechanism is configured to optionally raise and lower 
chuck 1303 to engage and disengage substrates positioned on the substrate 
centering pins 1304, as will be further discussed herein. Further, the drain basin 
may include a shield or cover positioned over the surface of the basin, wherein the 
shield or cover includes apertures formed therein for components that extend 
upward therethrough. 

[0083] The upper portion of wall 1301 generally includes a curved member 

(similar to curved portion 809 illustrated in the exemplary SRD of Figure 8). The 

curved member operates to generate an outward and downward air flow around the 

perimeter of the substrate when the substrate is rotated, which operates to prevent 

backsplash or misting of the substrate surface by the processing fluids, which are 

generally acidic and known to cause defects in plated layers. More particularly, 

when rotating, the substrate essentially acts like a pump pushing air outward across 

the surface of the substrate in the direction of the wall. In conventional cells, a 

region of high pressure developed near the perimeter of the cell, which caused the 

airflow to reverse and flow upward and back over the substrate surface. The curved 

wall channels the air flow into a region of low pressure generated by a vacuum 

pump, for example, and thus, eliminates the high pressure region and the 

backsplash associated therewith. Without the downwardly curving surface of the 

wall, the outward airflow is allowed to travel upward when it hits the wall reverse 
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direction toward the center of the substrate. This reverse flow carries the fluid 
suspended in the airflow back over the surface of the substrate. Thus the curved 
wall is configured to channel the outwardly moving airflow downward into an area of 
reduced pressure for capture without reversing direction or traveling back over the 
surface of the substrate. 

[0084] Drain basin 1302 also includes a plurality of substrate centering pins 1304 

extending upward therefrom. Centering pins 1304 are generally positioned radially 

around the perimeter of drain basin/shield 1302 in an equal spacing arrangement, 

for example. However, the pins 1304 may be positioned in any desired spacing 

arrangement. For example, in the embodiment illustrated in Figure 13, three 

substrate centering pins 1304 are positioned around the perimeter of drain basin 

1302 at 120° increments, however, the pins 1304 may be positioned at 20°, 180°, 

and 340°, for example. The substrate centering pins 1304 are generally supported 

by a substrate centering mechanism positioned below basin 1302, which will be 

further discussed herein, that is configured to both vertically actuate pins 1304 and 

rotationaily actuate pins 1304 about a longitudinal axis of pins 1304, which generally 

corresponds with the rotational center of pins 1304. Bevel clean cell 1300 further 

includes at least one rinsing solution dispensing arm 1305, along with at least one 

etching solution dispensing arm 1306. Generally, both arms 1305 and 1306 are 

pivotally mounted to a perimeter portion of bevel clean cell 1300, and include a 

longitudinally extending arm having at least one fluid dispensing nozzle positioned 

on a distal terminating in thereof. The nozzles are positioned to dispense the 

respective processing fluids onto a first or upper side of a substrate positioned on 

the support member 1303. More particularly, when the processing cell 1300 is 

configured as a face-up processing cell, i.e., when substrates are positioned in the 

cell with the production surface facing away from basin 1302, then the fluid 

dispensing nozzles are configured to dispense their respective fluids onto the 

production surface of the substrate. The operation of arms 1305 and 1306 is 

generally controlled by a system controller, which is configured to precisely position 

(via pivotal actuation and/or vertical actuation of the respective arms) the distal end 

of the respective arms over a specified radial position of a substrate being 

processed, which allows for fluid dispensed from the nozzles positioned at the 

respective ends of the arms to be dispensed onto precise radial locations of a 

substrate being processed in bevel clean cell 1300. Additionally, although two arms 
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are illustrated in the present exemplary embodiment for separately dispensing the 
rinsing solution, which may be deionized water, and the etching solution, which may 
be an acid, embodiments of the invention are not intended to be limited to any 
particular number of fluid dispensing arms. More particularly, other embodiments of 
the invention may implement a single pivotally mounted to arm having both rinsing 
solution dispensing nozzles and etchant solution dispensing nozzles positioned to 
thereon. In this configuration, however, the placement of the respective rinsing 
solution nozzles and the etching solution nozzles becomes more important, as bevel 
clean processes generally require precise dispensing of the etchant solution onto 
the exclusion zone of the substrate being processed, i.e., onto the outer 2-5 mm 
perimeter of the substrate. Further, each of arms 1305 and 1306 may include a 
mechanism configured to prevent fluid dripping from the nozzles when the nozzles 
are not activated from touching the substrate. For example, the nozzles may 
include a vacuum port or suck up valve (not shown) that is configured to receive 
unwanted fluid drips during off times. Alternatively, nozzles may include a gas 
aperture that is configured to blow unwanted droplets of fluid away from the 
substrate surface. 

[0085] Figure 14 illustrates a top perspective view of an exemplary backside fluid 
dispensing manifold 1400 of the invention. The backside fluid dispensing manifold 

1400 is generally positioned on the fluid drain basin 1302 between substrate 
centering pins 1304. Manifold 1400 generally includes a V-shaped structure having 
2 distal terminating ends. Each of the respective ends includes a fluid dispensing 
nozzle 1401 positioned to thereon/ Manifold 1400 may be vertically actuated and 
pivotally actuated to particularly position the respective fluid dispensing nozzles 

1401 with respect to the substrate being processed the cell 1300. This configuration 
allows for the pivotally mounted fluid dispensing arms 1305 and 1306 to dispense 
processing fluids onto the production or front side of the substrate, while manifold of 
1400 may simultaneously dispense processing fluids onto the nonproduction or 
backside of the substrate. 

[0086] Figure 15 illustrates a perspective view of an exemplary substrate 
centering mechanism 1500 of the invention. The centering mechanism 1500 is 
generally positioned below basin 1302, and includes a frame member 1505 having a 
plurality of receptacles 1506 configured to receive and secure the substrate 
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centering pins 1304 therein. Frame 1505 may be in communication with an 
actuation mechanism configured to move the frame member 1505 and the 
associated components, i.e., to raise and lower the frame member 1505. In the 
illustrated exemplary embodiment, frame 1505 includes three receptacles 1506 
configured to receive the substrate centering pins 1304. A lower portion of each of 
receptacles 1506 extends through frame member 1505 out the opposing side, as 
illustrated in Figure 15. Further, each of receptacles 1506 are rotatably mounted 
within frame 1505, such that the receptacles 1506 may be rotated in the direction 
indicated by arrow "A" above the receptacles, and as such, cause the substrate 
centering pins 1304 secured in the receptacles to also rotate. With the lower portion 
of each of the receptacles 1506 that extends below frame 1505 generally includes 
an actuation arm or eccentric cam member 1503, 1504 attached thereto. Each of 
the actuation arms 1503, 1504 are also connected to another one of the actuation 
arms 1503 via connection member or linkage 1502, which may be a solid linkage, 
belt, hydraulic member, etc. Further, a selectively activated actuation device 1501 
is mechanically in communication with a primary arm member 1504, and is 
configured to selectively impart pivotal movement thereto. 

[0087] Since each of the receptacles 1506 are rotatably mounted within their 

respective portions of frame member 1505, and since each of the lower extending 

portions of receptacles 1506 include an actuator 1503 and linkage 1502 attached 

thereto, actuation of the primary arm member 1504 by actuator 1501 causes pivotal 

movement to actuator arm 1504, directly causes the other arms 1503 and 

corresponding receptacles 1506 to correspondingly pivot with the primary arm 1504. 

More particularly, each receptacle 1506 receives a substrate centering pan 1304, 

and when actuator 1501 pivots via primary arm 1504, the corresponding receptacles 

1506 above arms 1504 are also pivoted. Further, since linkage 1502 can ask the 

secondary pivot arms 1503 to the primary pivot arms 1504, pivotal movement of the 

primary pivot arm 1504 translates to a corresponding pivotal movement to the 

secondary pivot arm 1503, which directly results in pivotal or rotational movement of 

the receptacles 1506 positioned above the secondary arms 1503. This 

configuration allows for each of the substrate centering pins to be rotatably actuated 

simultaneously, and for the actuation/rotation to be identical between the three 

substrate centering pins. Further, each of the receptacles 1506 may be vertically 

actuated, via, for example, vertical movement of the entire centering mechanism 
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1500, or alternatively, via vertical slidable movement of the receptacles 1506 within 
frame 1505. 

[0088] Actuator 1501 is generally an actuator configured to rotate the substrate 
centering posts 1304 to engage and center a substrate between the respective 
posts without exerting excessive pressure on the substrate. For example, each of 
the posts 1304 includes a centering pin that operates to engage and slide the 
substrate to a centered position, as will be further discussed herein. Once the 
substrate is slidably positioned at the center location, the centering pins continue to 
mechanically engage the substrate to maintain the substrate in the centered 
position. However, in conventional centering mechanisms, the strength and 
configuration of the actuator caused the substrate to bow as a result of the forces 
being applied to the perimeter of the substrate by the centering posts once the 
substrate was centered. Further, once the substrate bowed, even if the actuator 
were released, the lack of biasing pressure against the substrate by the actuator 
causes the substrate to shift from center. Therefore, to address this problem, the 
inventors have replaced the conventional actuator 1501 with a frictionless actuator. 
The frictionless actuator 1501 operates similarly to conventional actuators during the 
centering process, however, once the substrate is centered, the frictionless actuator 
overcomes the bowing and shifting off center challenges associated with 
conventional actuators. For example, once the substrate is centered, frictionless 
actuators can be released without movement or a substantial change in drive 
pressure of the actuator. Further, frictionless actuators are capable of centering the 
substrate without squeezing the substrate to the point of bowing. Airpot Corporation 
of Norwalk, CT manufactures instrument quality pneumatic actuators and Airpel 
Anti-Stiction Air Cylinders, for example, may be used to advantage as actuator 

1501. These devices are generally manufactured using a graphite piston and 

borosilicate glass cylinder combination in which each piston is selectively matched 

to fit the cylinder with extremely close tolerances. This configuration provides low 

friction between the cylinder and piston, and therefore the actuator is responsive to 

forces as low as only a few grams and actuation pressures of less than 0.2 psi. 

Further, the starting and running friction are nearly identical, which prevents uneven 

or uncontrolled starts and provides uniform smoothness throughout the full stroke of 

the device. As such, using the friction less-type actuator, once the substrate is 

centered, the frictionless actuator may be released without encountering reverse 
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movement or slipping of the substrate. Alternatives to the frictionless actuator 
include motors, voice coils, electro-ceramics, etc. 

[0089] Figure 16 illustrates a sectional view of an exemplary substrate centering 
member or post 1304 of the invention. The centering post 1304 is generally 
elongated, i.e., cylindrically shaped, and is configured to be received in receptacles 
1506 of the substrate centering mechanism 1500. Posts 1304 generally include a 
core 1604 that has a cap member 1601 that covers the upper portion of the core 
1604. The core 1604 is generally manufactured from a rigid material, such as a 
ceramic, for example. The cap member 1601 includes a raised central portion 1602 
that terminates in a peak or central point. The peak or point of central portion 1602 
is positioned such that it coincides with the longitudinal axis of the post 1304, such 
that when post 1304 is rotated, the point or peak of central portion 1602 remains in 
a unitary location. Cap member 1601 is generally manufactured from a rigid 
material that has good exposure characteristics to electrochemical plating solutions. 
One exemplary material that cap member 1601 may be manufactured from is 
PEEK. Cap member 1601 also includes a substrate centering post 1603 extending 
upward from the upper surface of cap 1604. The substrate centering post 1603 is 
positioned radially outward from the central portion 1602 or peak of cap 1601. In 
this manner, when the substrate centering member 1304 is rotated, the substrate 
centering post 1603 pivots or rotates around the longitudinal axis of core 1604, and 
as such, post 1603 rotates or pivots about central portion 1602. The substrate 
centering member 1304 also includes a sleeve member 1605 positioned radially 
outward of core 1604. Sleeve 1605 cooperatively engages cap 1604 and core 1604 
to form a fluid seal, which prevents processing fluids from traveling through the bore 
containing core member 1604 and damaging the substrate centering mechanism 
1 500 positioned below. 

[0090] Figure 17 illustrates a top view of an exemplary substrate centering 
member 1304 of the invention, and more particularly, Figure 17 illustrates a top view 
of the cap member 1601 illustrated in Figure 16. Figure 17 illustrates the positional 
relationship between the center portion 1602 or peak of the center portion 1602 and 
the substrate centering pin 1603. Further, when centering member 1394 is rotated 
about its' central axis, i.e., rotated about the axis that extends through point 1602 by 
centering mechanism 1500, then the substrate centering pin 1603 is caused to 
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move in the direction indicated by arrow A. This motion, which will be further 
discussed herein, may be used to urge a substrate positioned on members 1304 to 
a central or center position. 

[0091] In operation, the bevel cleaning cell of the invention can be used to rinse 
and clean substrates. The cleaning operation may be conducted on both the 
production surface and the non-production surface of the substrate, or on either 
surface individually. The cleaning cell of the invention may also be used to clean 
excess material from the bevel portion of the substrates, i.e., the portion of the seed 
layer deposited near the perimeter on the production surface, on the bevel, and 
partially onto the backside of the substrate. This process is often termed bevel 
clean or edge bead removal in the semiconductor art. 

[0092] As noted above, generally, substrate processing system 100 will include 
plating cells positioned at locations 102, 104, 110, and 112, spin rinse dry and 
cleaning cell stacked at locations 114 and 116, and bevel clean cells positioned at 
locations 106 and 108. Robots and operate to transfer substrates between the 
respective processing cells. Generally, substrates transferred to the bevel cleaning 
cell locations 106 and 108 are transferred thereto from one of plating cell locations 
102, 104, 110, and 112, as the bevel clean cells are generally configured to remove 
material deposited on the double portion of the substrate, as well as the backside of 
the substrate, prior to the substrate being transferred out of system 100. 

[0093] The process of positioning a substrate into the bevel cleaning cell 1300 of 
the invention generally includes insertion, centering, and chucking. The insertion 
process is conducted by the substrate transfer robots, and includes bringing the 
substrate into bevel cleaning cell 1300 and lowering the substrate onto centering 
pins 1304. When the substrate is lowered onto centering pins 1304, the substrate is 
supported by the central peak or uppermost portion 1602 of the respective centering 
pins 1304. Once the substrate is positioned on the respective centering pins 1304, 
the robot is retracted from bevel clean cell 1300. 

[0094] Once the substrate is inserted into bevel cleaning cell 1300, the centering 
process is conducted. The centering of the substrate in the bevel clean cell 1300 is 
crucial to the bevel clean process, as the tolerances for removing the edge bead 
material from the substrate are generally less than about 1 mm. For example, when 
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copper is electrochemically deposited on to a semiconductor substrate, generally, 
the outer 3 to 5 mm perimeter of the substrate is not considered to be part of the 
production surface, i.e., devices are generally not formed in this outer perimeter or 
band, which is generally termed the exclusion zone. The exclusion zone includes 
an exposed portion of the seed layer where electrical contacts are generally 
positioned during the plating process. The seed layer deposited on to the exclusion 
zone generally extends onto the bevel of the substrate, and sometimes onto the 
backside or not production surface of the substrate. Since subsequent 
semiconductor processing steps will generally include contact with either the double 
portion of the substrate or the backside of the substrate, it is desirable to remove or 
clean the double and backside of the substrate, so that subsequent contact with 
these areas will be less likely to generate contamination particles. The removal of 
the material from the exclusion zone, bevel, and backside of the substrate is 
generally termed a bevel clean process, and includes dispensing an etchant solution 
onto the interface between the production surface of the substrate and the exclusion 
zone, while also dispensing a cleaning solution onto the backside of the substrate. 
Therefore, since the etchant solution dispensed on to the front side of the substrate 
is dispensed at the interface between the production surface and exclusion zone, it 
is critical that the substrate be properly centered, so that the etchant will not be 
dispensed onto the production surface and damage devices. 

[0095] The centering process begins by activating the frictionless actuator 1501, 
which gently rotates each of receptacles 1506. The substrate centering posts 1304 
received in receptacles 1506 are cooperatively rotated, and therefore, substrate 
centering pins 1603 positioned on cap member 1601 rotated inwardly and 
cooperatively engage the edge of the substrate. This cooperative rotational 
movement of pins 1603 causes the substrate to be centered between the respective 
posts 1304. Once the substrate is centered between the respective posts 1304, a 
gentle tensioning force may be maintained on the substrate by posts 1304 via 
continued application of actuation pressured to frictionless cylinders 1501. 
However, the tensioning force is calculated to be enough force to maintain the 
substrate in the center position, while being an insufficient force to cause bowing or 
deflection of the substrate surface. 
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[0096] Once the substrate is centered, it may be then chucked to the substrate 
support member 1303. The chucking process generally includes either raising 
chuck 1303 to engage the lower surface of the substrate secured to the centering 
posts 1304, or lowering the centering posts 1304 to position the substrate on chuck 
1303, or a combination of raising chuck 1303 and lowering posts 1304. Chuck 1303 
can be a vacuum-type chuck, and therefore, when the substrate and chuck 1303 are 
brought into physical contact with each other, reduced pressure may be generated 
at the surface of chuck 1303 to secure the substrate thereto. Once the substrate is 
secured to chuck 1303, pins 1304 may be lowered or chuck 1303 may be raised, so 
that the substrate is supported solely by chuck 1303. 

[0097] With the substrate chucked and secured, fluid processing may begin. The 
fluid processing generally includes pivoting the rinsing solution arm 1305 to a 
position approximately above the center of the substrate. The rinsing solution may 
then be dispensed therefrom while the substrate is rotated on the chuck 1303. The 
rotation causes the rinsing solution, which may be Dl water, for example, to be 
urged radially outward toward the perimeter of the substrate. The rinsing solution 
flows over the bevel edge of the substrate and falls onto drain basin 1302, were it 
may be collected by a drain (not shown). A chemical dispensing arm 1306 may also 
be positioned above the substrate, in more particularly, the chemical dispensing all 
arm 1306 may be specifically positioned such that an etchant solution may be 
dispensed therefrom onto the interface between the production surface and the 
exclusion zone of the substrate. The process of dispensing the etchant solution 
onto the interface generally includes terminating the dispensing of the rinsing 
solution from arm 1305, and initiating the dispensing of the etchant solution from 
arm 1306. This methodology allows the rinsing solution previously dispensed onto 
the production surface to maintain a barrier or shield layer on the production 
surface, which may act to dilute any etchant that may splash back onto the 
production surface. Further, termination of the rinsing solution dispensing process 
prior to dispensing the etchant and also operates to prevent unwanted dilution of the 
etchant solution. 

[0098] Similarly, the backside fluid dispensing nozzle 1400 may also be used to 
dispense a rinsing solution and an etchant solution onto the backside of the 
substrate. The backside fluid dispensing nozzle or manifold 1400 generally includes 
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a plurality of nozzles, which allows for the backside fluid dispensing nozzle 1400 to 
dispense both a rinsing solution and an etchant solution. Thus, while the cleaning 
and rinsing processes are being conducted on the front side of the substrate, 
backside nozzle 1400 may simultaneously be used to rinse and clean the backside 
of the substrate. 

[0099] An exemplary bevel cleaning process may include the first prerinsing both 
of the front and backside surfaces of the substrate. The prerinsing process may 
include dispensing Dl onto the front 'side of the substrate at a flow rate of between 
about 1 L/min and about 2 L/min and dispensing Dl onto the backside of the 
substrate at a flow rate of between about 50cc/min and 100cc/min. During this 
process, the substrate may be rotated between about 150 rpm and about 250 rpm, 
and the duration for the fluid dispensing processes may be between about eight 
seconds and about 20 seconds. Generally, the prerinsing process is configured to 
rinse off any residual electrolyte that may be adhering to the substrate surface as a 
result of the previous electrochemical plating process. Once the substrate is 
prerinsed, the rotation speed may be increased to between about 2000 rpm and 
about 3500 rpm for about five seconds in order to remove any Dl buildup near the 
edge of the substrate. Thereafter, while the substrate is still rotating at between 
about 2000 rpm and about 3500 rpm, the etchant solution may be applied to the 
interface between the production surface and the exclusion zone by arm 1306, for 
example. The etchant solution may be delivered to the interface at a flow rate of 
between about 20cc/min and about 40cc/min, for example, and the duration may be 
between about 10 seconds and about 25 seconds. The flow of etchant solution is 
generally though a relatively fine nozzle having an aperture with an inner diameter, 
for example, of between 0.25 and 0.5 inches. The rotation rate is maintained at the 
high rate in order to minimize staining of the production surface as a result of any 
splashing of the etchant solution inwardly onto the production surface. Generally, 
the nozzle that dispenses the etchant solution onto the substrate is positioned 
between about 1mm and about 3mm from the substrate surface to allow for precise 
dispensing of the etchant solution onto the interface. Further, the nozzle is 
generally angled at between about 30° and about 50°, i.e., angled toward the 
substrate perimeter, to minimize splash back onto the production surface. 
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[00100] The chemical makeup of the etchant solution is generally based on 
H2S04, and therefore, when the concentration of H2S04 is sufficient, the etch rate 
does not change at a fixed H202 concentration. Similarly, when the H2S04 
concentration is insufficient, the etch rises with H2S04 non-linearly. . Further, when 
H2S04 concentration is sufficient, the etch changes linearly with H202 
concentration, and when the H2S04 concentration is insufficient, the etch rate 
flattens due to diffusion limited oxidation. Therefore, an exemplary ratio of 
constituents in an etching solution is between about 15 and 25 parts H2S04, 
between about 350 and 450 parts H202, and over 1400 parts H20, or about 20 
parts H2S04, 400 parts H202, and 1580 parts H20, for example. These 
concentrations indicate that increasing the acid concentration increases the etch 
rate, while the peroxide concentration has a minimal effect on the etch rate when 
increased. Further, when H202 concentration is less than 6%, oxidation of copper 
has shown to be slow, and therefore, at these concentrations the etch rate is 
generally not effected by the H2S04 concentration. However, when H202 
concentration is greater than 6%, copper oxidation is increased, and therefore, the 
etch rate of high concentration H2S04 rises with H202 concentrations. 

[ooioi] When the duration of the etchant solution dispensing process is 
completed, a rinsing solution may once again be dispensed onto the production 
surface at a flow rate of between about 1L/min and about 2.5L/min for between 
about 3 seconds and about 10 seconds, while the rotation rate may be reduced to 
between about 100 rpm and about 300 rpm. The step of dispensing a rinsing 
solution onto the production surface of the substrate may serve two purposes. First, 
the rinsing solution dispensed after the etchant solution operates to dilute and rinse 
away any splashed etchant solution from the production surface. Second, the 

rinsing solution also forms a secondary protection layer to protect from etching 

j 

solution that may splash from the subsequent backside chemical dispensing step. 

When the dispensing process for the front side rinsing solution is completed, the 

backside chemical nozzle may be activated to dispense an etchant solution onto the 

backside of the substrate at a flow rate of between about 30cc/min and about 

70cc/min for between about 4 seconds and about 10 seconds, while the rotation 

rate of the substrate is maintain to between about 150 rpm and about 250 rpm. 

More particularly, the flow rate of the etchant may be between about 35cc/min and 

45cc/min. Higher flow rates have been shown to generate improved edge profile 
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and bevel cleaning, however, these advantages are tempered by increased edge 
staining. When the backside chemical dispensing step is completed, another front 
side rinsing step may be conducted to rinse any splashed etchant from the front side 
surface. The front side rinsing process may again include dispensing Dl at the 
previous flow rates and rotation rates for a duration of between about two seconds 
and about six seconds. When the final rinsing process is completed, all fluid 
dispensing nozzles may be turned off and the rotation rate of the substrate may be 
increased to between about 400 rpm and about 4000 rpm, generally between about 
2000 rpm and 3000 rpm, to partially or completely dry the substrate. 

[00102] Figure 18 is a schematic diagram of one embodiment of a plating solution 
delivery system 1811. The plating solution delivery system 1811 is generally 
configured to supply a plating solution to each processing location on system 100 
that requires the solution. More particularly, the plating solution delivery system is 
further configured to supply a different plating solution or chemistry to each of the 
processing locations. For example, the delivery system may provide a first plating 
solution or chemistry to processing locations 110, 112, while providing a different 
plating solution or chemistry to processing locations 102, 104. The individual plating 
solutions are generally isolated for use with a single plating cell, and therefore, there 
are no cross contamination issues with the different chemistries. However, 
embodiments of the invention contemplate that more than one cell may share a 
common chemistry that is different from another chemistry that is supplied to 
another plating cell on the system. These features are advantageous, as the ability 
to provide multiple chemistries to a single processing platform allows for multiple 
chemistry plating processes on a single platform. 

[00103] In another embodiment of the invention, a first plating solution and a 
separate and different second plating solution can be provided sequentially to a 
single plating cell. Typically, providing two separate chemistries to a single plating 
cell requires the plating cell to be drained and/or purged between the respective 
chemistries, however, a mixed ratio of less than about 10 percent first plating 
solution to the second plating solution should not be detrimental to film properties. 

[00104] Plating solution delivery system 1811 typically includes a plurality of 
additive sources 1802 and at least one electrolyte source 1804 that are fluidly 
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coupled to each of the processing cells of system 100 via a manifold 1832. 
Typically, the additive sources 1802 include an accelerator source 1806, a leveler 
source 1808, and a suppressor source 1810. The accelerator source 1806 is 
adapted to provide an accelerator material that typically adsorbs on the surface of 
the substrate and locally accelerates the electrical current at a given voltage where 
they adsorb. Examples of accelerators include sulfide-based molecules. The 
leveler source 1808 is adapted to provide a leveler material that operates to 
facilitate planar plating. Examples of levelers are nitrogen containing long chain 
polymers. The suppressor source 1810 is adapted to provide suppressor materials 
that tend to reduce electrical current at the sites where they adsorb (typically the 
upper edges/corners of high aspect ratio features). Therefore, suppressors slow the 
plating process at those locations, thereby reducing premature closure of the feature 
before the feature is completely filled and minimizing detrimental void formation. 
Examples of suppressors include polymers of polyethylene glycol, mixtures of 
ethylene oxides and propylene oxides, or copolymers of ethylene oxides and 
propylene oxides. 

[00105] In order to prevent situations where an additive source runs out and to 
minimize additive waste during bulk container replacement, each of the additive 
sources 1802 generally includes a bulk or larger storage container coupled to a 
smaller buffer container 1816. The buffer container 1816 is generally filled from the 
bulk storage container 1814, and therefore, the bulk container may be removed for 
replacement without affecting the operation of the fluid delivery system, as the 
associated buffer container may supply the particular additive to the system while 
the bulk container is being replaced. The volume of the buffer container 1816 is 
typically much less than the volume of the bulk container 1814. It is sized to contain 
enough additive for 10 to 12 hours of uninterrupted operation. This provides 
sufficient time for operators to replace the bulk container when the bulk container is 
empty. If the buffer container was not present and uninterrupted operation was still 
desired, the bulk containers would have to be replaced prior to being empty, thus 
resulting in significant additive waste. 

[00106] In the embodiment depicted in Figure 18, a dosing pump 1812 is coupled 
between the plurality of additive sources 1802 and the plurality of processing cells. 
The dosing pump 1812 generally includes at least a first through fourth inlet ports 
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1822, 1824, 1826, 1828. As an example, the first inlet port 1822 is generally 
coupled to the accelerators source 1806, the second inlet port 1824 is generally 
coupled to the leveler source 1808, the third inlet port 1826 is generally coupled to 
the suppressor source 1810, and the fourth inlet port 1828 is generally coupled to 
the electrolyte source 1804. An output 1830 of the dosing pump 1812 is generally 
coupled to the processing cells via manifold 1832 by an output line 1840 wherein 
mixing of the sequentially supplied additives (i.e., at least one or more accelerators, 
levelers and/or suppressors) may be combined with electrolyte provided to the 
manifold 1832 through a first delivery line 1850 from the electrolyte source 1804, to 
form the first or second plating solutions as desired. The dosing pump 1812 may be 
any metering device(s) adapted to provide measured amounts of selective additives 
to the process cells 102, 104. The dosing pump 1812 may be a rotary metering 
valve, a solenoid metering pump, a diaphragm pump, a syringe, a peristaltic pump, 
or other positive displacement pumps used singularly or coupled to a flow sensor. In 
addition, the additives could be pressurized and coupled to a flow sensor, coupled 
to a liquid mass flow controller, or metered by weight utilizing load cell measurement 
of the pressurized dispense vessel or other fluid metering devices acceptable for 
flowing electrochemical plating solutions to a plating cell. In one embodiment, the 
dosing pump includes a rotating and reciprocating ceramic piston that drives 0.32ml 
per cycle of a predetermined additive. 

[00107] In another embodiment of the invention the fluid delivery system may be 
configured to provide a second completely different plating solution and associated 
additives. For example, in this embodiment a different base electrolyte solution 
(similar to the solution contained in container 1804) may be implemented to provide 
the processing system 100 with the ability, for example, to use plating solutions from 
two separate manufacturers. Further, an additional set of additive containers may 
also be implemented to correspond with the second base plating solution. 
Therefore, this embodiment of the invention allows for a first chemistry (a chemistry 
provided by a first manufacturer) to be provided to one or more plating cells of 
system 100, while a second chemistry (a chemistry provided by a second 
manufacturer) is provided to one or more plating cells of system 100. Each of the 
respective chemistries will generally have their own associated additives, however, 
cross dosing of the chemistries from a single additive source or sources is not 
beyond the scope of the invention. 
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[00108] In order to implement the fluid delivery system capable of providing two 
separate chemistries from separate base electrolytes, a duplicate of the fluid 
delivery system illustrated in Figure 18 is connected to the processing system. 
More particularly, the fluid delivery system illustrated in Figure 18 is generally 
modified to include a second set of additive containers 1802, a second pump 
assembly 1830, and a second manifold 1832 (shared manifolds are possible). 
Additionally, separate sources for virgin makeup solution/ base electrolyte 1804 are 
also provided. The additional hardware is set up in the same configuration as the 
hardware illustrated in Figure 18, however, the second fluid delivery system is 
generally in parallel with the illustrated or first fluid delivery system. Thus, with this 
configuration implemented, either base chemistry with any combination of the 
available additives may be provided to any one or more of the processing cells of 
system 100. 

[00109] The manifold 1832 is typically configured to interface with a bank of 
valves 1834. Each valve of the valve bank 1834 may be selectively opened or 
closed to direct fluid from the manifold 1832 to one of the process cells of the plating 
system 100. The manifold 1832 and valve bank 1834 may optionally be configured 
to support selective fluid delivery to additional number of process cells. In the 
embodiment depicted in Figure 18, the manifold 1832 and valve bank 1834 include 
a sample port 1836 that allows different combinations of chemistries or component 
thereof utilized in the system 100 to be sampled without interrupting processing. 

[00110] In some embodiments, it may be desirable to purge the dosing pump 
1812, output line 1840 and/or manifold 1832. To facilitate such purging, the plating 
solution delivery system 1811 is configured to supply at least one of a cleaning 
and/or purging fluid. In the embodiment depicted in Figure 18, the plating solution 
delivery system 1811 includes a deionized water source 1842 and a non-reactive 
gas source 1844 coupled to the first delivery line 1850. The non-reactive gas 
source 1844 may supply a non-reactive gas, such as an inert gas, air or nitrogen 
through the first delivery line 1850 to flush out the manifold 1832. Deionized water 
may be provided from the deionized water source 1842 to flush out the manifold 
1832 in addition to, or in place of non-reactive gas. Electrolyte from the electrolyte 
sources 1804 may also be utilized as a purge medium. 
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[00111] A second delivery line 1852 is teed between the first gas delivery line 
1850 and the dosing pump 1812. A purge fluid includes at least one of the 
electrolyte, deionized water or non-reactive gas from their respective sources 1804, 
1842, 1844 may be diverted from the first delivery line 1850 through the second gas 
delivery line 1852 to the dosing pump 1812. The purge fluid is driven through the 
dosing pump 1812 and out the output line 1840 to the manifold 1832. The valve 
bank 1 834 typically directs the purge fluid out a drain port 1 838 to the reclamation 
system 1832. The various other valves, regulators and other flow control devices 
have not been described and/or shown for the sake of brevity. 

[00112] In one embodiment of the invention, a first chemistry may be provided to 
the manifold 1832 that promotes feature filling of copper on a semiconductor 
substrate. The first chemistry may include between about 180 and about 65 g/l of 
copper, between about 55 and about 85 ppm of chlorine, between about 20 and 
about 40 g/l of acid, between about 4 and about 7.5 ml/L of accelerator, between 
about 1 and 5 ml/L of suppressor, and no leveler. The first chemistry is delivered 
from the manifold 1832 to a first plating cell 102 to enable features disposed on the 
substrate to be substantially filled with metal. As the first chemistry generally does 
not completely fill the feature and has an inherently slow deposition rate, the first 
chemistry may be optimized to enhance the gap fill performance and the defect ratio 
of the deposited layer. A second chemistry makeup with a different chemistry from 
the first chemistry may be provided to another plating cell on system 100 via 
manifold 1832, wherein the second chemistry is configured to promote planar bulk 
deposition of copper on a substrate. The second chemistry may include between 
about 185 and about 60 g/l of copper, between about 60 and about 80 ppm of 
chlorine, between about 20 and about 40 g/l of acid, between about 4 and about 7.5 
ml/L of accelerator, between about 1 and about 4 ml/L of suppressor, and between 
about 6 and about 10 ml/L of leveler, for example. The second chemistry is 
delivered from the manifold 1832 to the second process cell to enable an efficient 
bulk metal deposition process to be performed over the metal deposited during the 
feature fill and planarization deposition step to fill the remaining portion of the 
feature. Since the second chemistry generally fills the upper portion of the features, 
the second chemistry may be optimized to enhance the planarization of the 
deposited material without substantially impacting substrate throughput. Thus, the 
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two-step, different chemistry deposition process allows for both rapid deposition and 
good planarity of deposited films to be realized. 



[00113] Plating solution delivery system 1811 is in communication with a plurality 
of fluid conduits that connect the fluid delivery system 1811 to fluid storage tanks 
positioned on board plating system 100. More particularly, the fluid dispensing 
manifold 1832 is generally in communication with a plurality of conduits 1901, 1902, 
1903, as illustrated in Figure 19. Each of the conduits 1901, 1902, 1903 connect to 
particular fluid storage tanks 1904-1911, which will be further discussed herein. As 
such, the fluid delivery system 1811 may be controlled to mix and provide a 
particular catholyte or anolyte solution to any one of the tanks 1904-1911. The 
particular anolyte/catholyte solution is provided to manifold 1832, which selectively 
opens actuatable valves to allow the particular solution to flow into one of conduits 
1901, 1902, 1903. Assuming, for example, that conduit 1901 is configured to supply 
a particular catholyte to a specific plating cell on platform 100, then the catholyte 
supplied to conduit 1901 is carried by the conduit to a particular plating cell holding 
tank, such as tank 1904, that is configured to supply the specified plating cell with a 
catholyte. The catholyte solution is delivered to tank 1904 and then a valve 
positioned in conduit 1901 closes and terminates the flow of solution into tank 1904. 
Then the tank 1904 may be used to supply catholyte to a particular plating cell on 
platform 100 for an electrochemical plating process. The solution remaining in the 
conduit 1901 may be purged or drained from the conduit prior to another solution 
being supplied to one or more cells through the particular conduit, so that cross 
contamination issues may be minimized. 

[00114] Each of the tanks illustrated in Figure 19, i.e., tanks 1904-1911, are 
generally arranged in pairs. More particularly, tanks 1904 and 1905 operate as a 
pair, while tanks 1906 and 1907, tanks 1908 and 1909, and tanks 1910 and 1911 
similarly operate as tank pairs. The tank pair generally includes a first tank 
configured to contain a first solution and a second tank configured to contain a 
second solution that is different from the first solution. In the exemplary plating 
system illustrated in Figure 1, plating location 112 may be outfitted with a plating 
cell, such as plating cell 200 illustrated in Figure 2, and therefore, and first tank 1900 
may be configured to supply a catholyte solution to cell 200, while the second tank 
1905 may be configured to provide an anolyte solution to plating cell 200. As noted 
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above, the catholyte solution may be prepared by fluid delivery system 1811 and 
delivered to tank 1904 via conduit 1901. Similarly, the anolyte solution may be 
prepared by fluid delivery system 1811 and provided to anolyte tank 1905 via 
conduit 1903. 

[00115] In similar fashion to the arrangement of tanks 1904 and 1905, tanks 1906 
and 1 907 may be configured to provide plating solutions to a plating cell positioned 
at processing location 110 on platform 100. Further, tanks 1910 and 1911 and 
tanks 1908 and 1909 may be used to provide plating solutions to plating cells 
positioned at processing locations 104 and 102, respectively. Each of tank pairs 
1906-1911 may be configured to provide both catholyte solutions and anolyte 
solutions to their respective plating cells. Alternatively, and the tanks may be 
configured to provide only catholyte solutions to their associated plating cells, i.e., 
the tanks may be combined into a single tank configured to supply a single plating 
solution to one or more cells on the processing platform 100. 

[00116] Figure 20 illustrates a perspective view of an exemplary tank 2000 having 
two walls of the tank removed to allow for viewing of the interior components of the 
tank 2000. Tank 2000 generally includes an enclosed space having upstanding 
sidewalls 2001 that define an interior volume configured to contain a fluid solution 
therein. A fluid returned assembly 2002 extends downward into the tank and 
terminates near a lower portion of tank 2000. The interior volume of tank 2000 also 
includes a plurality of intersecting walls 2008 configured to baffle fluid flow within the 
interior volume of tank 2000. A lower portion of tank 2000 includes a heat 
exchanger 2006, which generally operates to provide temperature control to the 
processing fluid contained within tank 2000. A pump head assembly 2004 extends 
into the interior volume of tank 2000 and terminates adjacent the bottom portion of 
tank 2000, and is generally configured to draw fluid from the interior volume of tank 
2000 for use in a processing step. 

[00117] Figure 21 illustrates a plan view of an exemplary fluid tank of the 
invention. As illustrated in Figure 20, the fluid tank includes a plurality of upstanding 
fluid diversion walls 2008 positioned in the interior volume of the tank 2000. The 
positioning of the diversion walls 2008 generally operates to create a plurality of fluid 
compartments 2101, 2102, 2103, 2104, and 2108. Each of the fluid compartments 
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are in communication with an adjoining fluid compartment via a fluid pass-through 
2113, as illustrated in Figure 22. Further, in addition to the interior walls 2008, 
selected compartments may include angled fluid diversion walls 2105, 2106, and 
2107 positioned therein, as illustrated in Figure 21. More particularly, the fluid tanks 
may include a slanted or angled fluid receiving wall 2300. The angled or slanted 
wall 2300 may be an exterior wall or an interior wall. Regardless, the slanted wall is 
configured to minimize bubble formation in the solution contained in the tank via 
minimization of bubbles generated by pouring the liquid solution vertically into the 
tank. In this embodiment the fluid delivered to the tank is dispensed onto the angled 
wall 2300 by the fluid return line 2002, such that the fluid flows onto the wall 2300 at 
location 2301 and flows downwardly along the surface of the wall 2300 in the 
direction indicated by arrow "A" into the solution contained in the tank. The flow of 
the solution down the sloped or slanted wall into the solution minimizes bubbles 
formed af^the interface between solution in the tank and the solution being returned 
to the tank. 

[00118] Therefore, in operation, fluid is generally returned to tank 2000 via a fluid 
supply line 21 10 that terminates in a first fluid compartment 2101 (optionally the fluid 
supply line may terminate onto an angled wall, as described above). The fluid 
supplied to compartments 2101 travels through a first fluid pass-through 2111 into a 
second fluid compartment 2102. Once the fluid enters the second fluid 
compartment 2102, the fluid is directed toward an angled fluid diversion wall 2105. 
The fluid travels around the angled fluid diversion wall 2105 and travels through a 
second fluid pass-through 2112 into a second fluid compartment 2108. In similar 
fashion to the first fluid compartment, the fluid closed against an angled wall and 
through another fluid pass-through into a third fluid compartment 2103, where the 
same process is repeated until the fluid passes through a final fluid pass-through 
2114 into a final fluid compartment 2104. Each of the individual angled walls are 
configured to interact with the fluid flow in a manner that minimizes bubbles in the 
tank, as will be further discussed herein. Further, the positioning of the pass 
throughs 2111-2114 also operates to minimize bubbles in the tanks, as the 
buoyancy of the bubbles generally prevents the bubbles from traveling through the 
pass throughs positioned in the lower portion of the respective walls. The pump 
head 2000 generally terminates in the final fluid compartment 2104, and therefore, 
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fluid is pumped from tank 2000 via a pump head 2004 out of final compartment 
2104. 



[00119] As noted above, the positioning of the plurality of upstanding walls 2008 
and angled fluid diversion walls 2105, 2106, 2107 operates to minimize bubbles in 
the fluid solution being pumped from tank 2000. More particularly, the configuration 
of tank 2000 is designed such that fluid delivered to tank 2000 is required to flow 
against several walls, around several walls, and through several fluid pass-throughs 
before the fluid is pumped from tank 2000 via pump head 2004. In operation, when 
fluid is caused to flow against a stationary surface, bubbles within the solution are 
prone to adhere to the stationary surface, and thus, the bubbles are removed from 
the flowing liquid. Similarly, passage of the fluid through a plurality of fluid feed 
through 2101 has been shown to cause bubbles suspended in the fluid solution to 
be removed therefrom. As such, the tank configuration of the present invention is 
configured to minimize bubbles in the fluid solution being pumped from tank 2000. 
This is of particular importance to electrochemical plating systems, as bubbles in the 
fluid solution, i.e., the electrolyte, that is provided to the plating cell have been 
shown to cause substantial defects in plated substrates. 

[00120] In another embodiment of the invention, tank 2000 is modified to further 
minimize bubble formation resulting from fluid being delivered to tank 2000. More 
particularly, conventional fluid storage tanks for electrochemical plating systems 
generally deliver fluid to the storage tank via an aperture positioned in upper portion 
of the tank. As such, fluid delivered to the tank falls as a result of gravity and is 
essentially poured into the solution in the tank. This pouring action has been shown 
to generate bubbles in the plating solution. Therefore, embodiments of the present 
invention provide for an improved method for delivering fluid to electrochemical 
plating system storage tank with minimal bubble formation. The method generally 
includes positioning an angled wall within the first compartment 2101 of tank 2000, 
as generally discussed above and illustrated in Figure 23. The angled wall may 
attach to one of the upstanding walls surrounding container 2101, and the fluid 
delivered to tank 2000 is dispensed directly onto the angled wall. The fluid flows 
downward on the angled wall into the fluid in the bottom of the tank. In this 
configuration the fluid does not fall, get poured, or splash into the tank, rather the 
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fluid is dispensed onto the angled wall and is caused to evenly flow into the bulk 
solution in a sheet like action with minimal bubble formation in the bulk solution. 



[00121] Each of the tanks of the present invention are also configured to have a 
high aspect ratio, i.e., the ratio of the height of the tank to the sides or cross 
sectional area of the tank. As such, the tanks generally have small cross sectional 
areas, i.e., length and width, and have large height dimensions. This provides for 
optimal pump head depth even when reduced volumes of solution are being used. 
For example, embodiments of the present invention utilize a tank having an interior 
volume of approximately 17 liters, wherein the width is about 9 inches, length is 
about 7.75 inches, and the height is about 19 inches. As such, the aspect ratio 
would be greater than 1:1 (19:(9+7.75)). Another feature of the invention that 
maximizes pump head depth is the positioning of the heat exchanger in the lower 
portion of the tank. This displaces a substantial volume within the lower portion of 
the tank, and therefore, increases pump head depth. 

[00122] In operation, embodiments of the invention generally provide a plumbing 
system for a plating system, wherein the plumbing system is configured to provide 
multiple chemistries to multiple plating cells positioned on a unitary electrochemical 
plating platform. More particularly, the plumbing system of the invention is 
configured to provide, for example, a first plating solution to a first plating cell on an 
electrochemical plating platform, while providing a second chemistry that is different 
from the first chemistry to a second plating cell on the electrochemical plating 
platform. The plumbing system of the invention may be expanded to provide, for 
example, four different plating chemistries to four different plating cells positioned on 
a unitary system platform. Further, in plating systems using plating cells configured 
to utilize both in anolyte and a catholyte, such as plating cell 200 illustrated in Figure 
2, the plumbing system of the present invention is generally configured to provide 
separate catholyte solutions to each plating cell positioned on the processing 
platform, while providing in anolyte solution to each plating cell positioned on the 
processing platform. In similar fashion to previous embodiments, the catholyte 
solutions may all be different, and further, the anolyte solutions may also be different 
from each other. 
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[00123] When operating electrochemical plating platform, such as platform 100 
illustrated in Figure 1, delivery system 1811 may be activated to generate a 
catholyte solution for plating cells positioned at processing locations 112 and 110. 
The catholyte solution may contain an appropriate amount of acid, halides, 
supporting electrolyte, additives, and/or other components generally used in 
electrochemical plating solutions. The solution may be mixed in fluid delivery 
system 1811, pumped via manifold 1832, and supplied to conduit 1901 for delivery 
to tanks 1904 and 1906. In this configuration, tanks 1904 and 1906 are in the fluid 
communication with a catholyte chamber of plating cell 200 positioned at processing 
locations 110 and 112. Since plating cell 200 is the type of plating cell requiring 
both a catholyte and an anolyte, fluid delivery system 1811 may also be activated to 
generate in anolyte for use in the cells. The anolyte may be generated in fluid 
delivery system 1811, transmitted to manifold 1832, and delivered to tanks 1905 
and 1907 via fluid conduit 1903. Tanks 1905 and 1907 are generally in fluid 
communication with an anode or anolyte compartment of plating cell 200 positioned 
at processing locations 110 and 112. 

[00124] The particular combination of anolyte and catholyte supplied to tanks 
1904-1907 may be configured to optimize bottom up fill characteristics for 
semiconductor substrates. More particularly, the additive concentration, i.e., 
levelers, suppressors, and accelerators, for example, in the catholyte solutions 
provided to tanks 1904 and 1906 may be configured to facilitate the initial stages of 
plating where high aspect ratio features on semiconductor substrates are nearly 
void, of plated material. The process of beginning feature fill on semiconductor 
substrates is critical to the overall plating process, as is generally difficult to fill high 
aspect ratio features from the bottom up without obtaining closure of the feature and 
generating voids in the plated metal. Therefore, the plumbing system of the present 
invention allows for the feature fill process to be conducted in particular processing 
locations with specific chemistries designed to facilitate bottom up fill. 

[00125] Similarly, once the bottom up or feature fill process is completed, 
substrates are generally put through a secondary plating process wherein the 
features are bulk filled or overfilled. The bulk filling process is generally conducted 
at a greater plating rate than the feature fill process, and therefore, generally uses 
an increased current density. As such, the chemistry used to promote feature fill 
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may not be optimal for promoting bulk fill processes. Therefore, the plumbing 
system of the invention provides for additional chemistry capability, such that the 
feature fill processes and the bulk fill processes may be both conducted on the 
same platform, even though different chemistries are required to optimize each 
process. More particularly, processing locations 102 and 104 may include plating 
cells 200 positioned thereon, wherein the plating cells are configured to promote 
pulp fill plating processes. Although the plating cell used for feature fill may be 
essentially identical to the plating cell used for bulk fill, the chemistries supplied to 
the respective cells is generally different. Thus, the plumbing system of the present 
invention may be configured to provide a separate catholyte and/or anolyte to tanks 
1918-1911, which are generally configured to supply these respective solutions to 
processing locations 102 104. Specifically, fluid delivery system 1811 may be 
activated and caused to generate a catholyte solution configured to promote pulp fill 
plating processes. The catholyte solution may be delivered to manifold 1832, which 
supplies the catholyte solution to fluid conduit 1902. Fluid conduit 1902 may deliver 
the bulk fill catholyte solution to tanks 1909 and 1911. Similarly, fluid delivery 
system 1811 may be used to generate an anolyte solution for the bulk fill process, 
and this anolyte solution may be delivered to tanks 1908 and 1910 via conduit 1903. 

[00126] Once plating solutions delivered to the respective tanks, substrates may 
be introduced into processing platform 100 and positioned in one of processing 
locations 110 or 1 12. Features formed onto the substrate may be filled in a feature 
fill plating process conducted at processing locations 110 or 112. Thereafter, the 
substrates may be transferred to processing locations 102 or 104 for a bulk fill 
process. The process is conducted in processing locations 110 112 may use a 
separate or different chemistry from the process is conducted at cell locations 102 
104. Further still, the chemical solution used at anyone processing locations, i.e. 
processing locations 112, may be different from any other processing location, i.e. 
processing locations 110, as the fluid delivery system 1811 and the plumbing 
system of the present invention allows for separate chemistries to be supplied to 
each individual plating cell on the processing platform 100. 

[00127] In another embodiment of the invention a degasser may be positioned in 
one of the fluid conduits of the invention to remove bubbles from the fluid flowing 
through the conduit. The degasser may, for example, be positioned in one of the 
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conduits that connects the tanks to the plating cells and operate to remove any 
bubbles from the fluid (plating solution) supplied to the plating cells. Additionally, 
since a plurality of pumps may be needed to generate fluid flow in the plating 
system of the invention, filters may be positioned in one or more of the fluid 
conduits. The filters may be configured to remove any particles generated by the 
mechanical components of the pumps from the fluid flow prior to the fluid reaching 
the plating cells. 

[00128] In order to minimize defects in plated films, bubbles adhering to the 
substrate surface during the process of immersing the substrate into the plating 
solution contained in a plating cell should be minimized. Therefore, embodiments of 
the invention provide a method for immersing a substrate into a processing fluid that 
generates minimal bubbles. The immersion method of the invention begins with the 
process of loading a substrate into a head assembly that is configured to support 
and electrically contact the substrate. The head assembly generally includes a 
contact ring and a thrust plate assembly that are separated by a loading space. A 
more detailed description of the contact ring and thrust plate assembly may be 
found in commonly assigned U.S. Patent Application Serial No. 10/278,527, which 
was filed on October 22, 2002 under the title "Plating Uniformity Control By Contact 
Ring Shaping", which is hereby incorporated by reference in its entirety. A robot is 
used to position a substrate on the contact ring via an access space. More 
particularly, the robot may be a vacuum-type robot configured to engage a backside 
of the substrate with a reduced pressure engaging device. The substrate may then 
be supported in a face down (production surface facing down) orientation with the 
vacuum engaging device attached to the backside or non-production surface of the 
substrate. The robot may then extend into contact ring via the access space, lower 
to position the substrate on the contact pins/substrate support surface of contact 
ring, disengage the vacuum engaging device, rise to a withdrawal height, and then 
withdraw from the contact ring. 

[00129] Once the substrate is positioned on the contact ring 2402, thrust plate 
assembly 2404 may be lowered into a processing position. More particularly, Figure 
24 illustrates thrust plate 2404 in a substrate loading position, i.e., thrust plate 2404 
is vertically positioned above the lower surface of contact ring 2402 such that the 
access space 2406 is maximized. In this position, robot 120 has the most amount 
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of space available to loading the substrate onto the ^contact ring 2402. However, 
once the substrate is loaded, thrust plate 2404 may be actuated vertically, i.e., in the 
direction indicated by arrow 2410 in Figure 24, to engage the backside of the 
substrate positioned on the contact ring 2402. The engagement of the thrust plate 
2404 with the backside of the substrate positioned on the contact ring 2402 
operates to mechanically bias the substrate against the electrical contact pins 
positioned on contact ring 2402, while also securing the substrate to the contact ring 
2402 for processing. 

[00130] Once the substrate is secured to the contact ring 2402 by the thrust plate 
2404, the lower portion of the head assembly 2400, i.e., the combination of the 
contact ring 2402 and the thrust plate 2404, are pivoted to a tilt angle. The' lower 
portion of the head assembly is pivoted to the tilt angle via pivotal actuation of the 
head assembly about a pivot point 2408. The lower portion of head assembly 2400 
is actuated about pivot point 2408, which causes pivotal movement of the lower 
portion of head assembly 2400 in the direction indicated by arrow 2409 in Figure 24. 
The lower portion of head assembly 2400 and the plating surface of the substrate 
positioned on the contact ring 2402 are tilted to the tilt angle as a result of the 
movement of head assembly 2400, wherein the tilt angle is defined as the angle 
between horizontal and the plating surface/production surface of the substrate 
secured to the contact ring 2402. The tilt angle is generally between about 3° and 
about 30°, and more particularly, between about 3° and about 10°. 

[00131] Once the head assembly 2400 is tilted, it may be actuated in the Z- 
direction to begin the immersion process. More particularly, head assembly 2400 
may be actuated in the direction indicated by arrow 2501 , as illustrated in Figure 25, 
to bring the substrate positioned in the contact ring 2402 toward the plating solution 
contained within the plating cell 2504 positioned below head assembly 2400. 
Plating cell 2504, which is generally similar to plating cell 200 illustrated in Figure 2, 
is configured to contain a plating solution therein. The plating solution is generally 
contained within the inner weir of the plating cell 2504 and overflows the uppermost 
point 2502 of the inner weir. Therefore, as head assembly 2400 is moved toward 
plating cell 2504, the lower side of contact ring 2402, i.e., the side of contact ring 
2402 positioned closest to the plating cell 2504 as a result of the tilt angle, contacts 
the plating solution as the head assembly 2400 is actuated toward cell 2502. The 
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process of actuating head assembly 2400 toward cell 2502 may further include 
imparting rotational movement to contact ring 2402. Thus, during the initial stages 
of the immersion process, contact ring 2402 is being actuated in a vertical or Z- 
direction, while also being rotated about a vertical axis extending upward through 
head assembly 2400. Generally, the vertical axis about which contact ring 2402 is 
rotated is generally orthogonal to the substrate surface. The process of immersing 
\ the substrate' into the plating solution while applying a bias to the substrate is 
described in commonly assigned U.S. Patent Application Serial No. 09/766,060, 
filed on January 18, 2001 entitled "Reverse Voltage Bias for Use in Electro- 
Chemical Plating System," which claims benefit of United States Patent No. 
6,258,220, filed April 8, 1999, both of which are hereby incorporated by reference in 
their entirety. 

[00132] As the substrate becomes immersed in the plating solution contained 
within plating cell 2504, the Z-motion of head assembly 2400 is terminated and the 
tilt position of contact ring 2402 is returned to horizontal, as illustrated in Figure 26. 
The termination of the vertical or the Z-direction movement is calculated to maintain 
the substrate in the plating solution contained in cell 2504 when the tilt angle is 
removed. Further, embodiments of the invention contemplate that the removal of 
the tilt angle, i.e., the return of contact ring 2402 to a horizontal position, may be 
conducted simultaneously with the vertical movement of contact ring 2402 into the 
plating solution. As such, embodiments of the invention contemplate that the 
substrate may first contact the plating solution with the substrate being positioned at 
a tilt angle, and then the tilt angle may be returned to horizontal while the substrate 
continues to be immersed into the plating solution. This process generates a unique 
movement that includes both vertical actuation and tilt angle actuation, which has 
been shown to reduce bubble formation and adherence to the substrate surface 
during the immersion process. Further, the vertical and pivotal actuation of the 
substrate during immersion process may also include rotational movement of 
contact ring 2402, which has been shown to further minimize bubble formation and 
adherence to the substrate surface during the immersion process. 

[00133] Once the substrate is completely immersed into the plating solution 
contained within cell 2504, head assembly 2400 may be further actuated in a 
vertical direction (downward) to further immerse the substrate into the plating 
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solution, i.e., to position the substrate further or deeper into the plating solution, as 
illustrated in Figure 27. This process may also include rotating the substrate, which 
operates to dislodge any bubbles formed during the immersion process from the 
substrate surface. Once the substrate is positioned deeper within the plating 
solution, the head assembly 2400 may again be pivoted about pivot point 2408, so 
the substrate surface may be positioned at the tilt angle, as illustrated in Figure 8. 
Further, inasmuch head assembly 2400 just actuated the substrate downward into 
the plating solution in the previous step, the tilting motion illustrated in Figure 8 
generally will not raise the surface of the substrate out of the plating solution on the 
high side of the tilted contact ring. More particularly, since pivot point 2408 is 
positioned in the middle of head assembly 2400, when the head assembly pivots the 
contact ring 2402 about pivot point 2408, one side of the contact ring 2402 is 
immersed further into the plating solution, while the opposing side of the contact ring 
2402 is raised upward toward the surface of the plating solution as a result of the 
pivotal motion. Thus, since the substrate is intended to be maintained within the 
plating solution once immersed therein, head assembly 2400 must be actuated 
further into the plating solution in order to move the contact ring 2402 from the 
horizontal position illustrated in Figure 27 to the tilted position illustrated in Figure 28 
without raising at least a portion of the substrate out of the plating solution. This 
final tilting motion of head assembly 2400 generally corresponds to positioning 
contact ring 2402 in a processing position, i.e., a position where the substrate 
supported by contact ring 2402 is generally parallel to an anode positioned in a 
lower portion of the plating cell 2502. Further, positioning contact ring 2402 in the 
processing position may include further actuating head assembly 2400 toward the 
anode positioned in the lower portion of the plating cell, so that the plating surface of 
the substrate may be positioned at a particular distance from the anode for the 
plating process. 

[00134] Additionally, the immersion process of the invention may include an 

oscillation motion configured to further enhance the bubble removal process. More 

particularly, head assembly 2400 may be tilted back and forth between a first tilt 

angle and a second tilt angle in an oscillatory manner, i.e., in a manner where the 

substrate is tilted between a first angle and a second angle several times, once the 

substrate is immersed in the plating solution. This tilting motion may be conducted 

in a quick manner, i.e., from about 2 tilts per second up to about 20 tilts per second. 
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The tilting motion may be accompanied by rotation, which further facilitates 
dislodging bubbles that are adhering to the substrate surface. 



[00135] The immersion process of the invention may also include vertical 
oscillation of the substrate in the plating solution. More particularly, once the 
substrate is immersed in the plating solution, the substrate may be actuated up and 
down. When the substrate is raised upward in the plating solution, the volume of 
solution below the substrate is increased, and therefore, a rapid flow of solution to 
the area below the substrate is generated. Similarly, when the substrate is lowered, 
the volume decreases and an outward flow of solution is generated. As such, 
actuation of the substrate vertically, i.e. repeated upward and downward motions, 
causes reversing or oscillating fluid flows to occur at the substrate surface. The 
addition of rotation to the oscillation further increases the oscillating fluid flows 
across the substrate surface. These oscillating fluid flows have been shown to 
improve bubble removal, and therefore, decrease defects. 

[00136] The immersion process of the invention may further include oscillating the 
rotation of the substrate once it is immersed in the plating solution. More 
particularly, the substrate is generally rotated during both the immersion and plating 
processes. This rotation generally increases fluid flow at the substrate surface via 
circulation of the depleted plating solution that is generated at the substrate surface. 
These rotation and fluid flow characteristics may also be used during the immersion 
process to > facilitate bubble removal. More particularly, embodiments of the 
invention contemplate that the substrate may be rotated at varying rotation rates 
and in varying directions during and/or after the substrate is immersed. For 
example, once the substrate is immersed in the solution, the substrate may first be 
rotated in a clockwise direction for a predetermined period of time before the 
rotation direction is switched to counter clockwise for a predetermined period of 
time. The rotation direction may be switched several times, or only once, depending 
upon the application. 

[00137] Additionally, embodiments of the invention may implement a combination 
of the oscillation methods described above. For example, an immersion process of 
the invention may include tilt actuation, rotational actuation, and vertical actuation, 
or any combination thereof. 
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[00138] Figure 29 illustrates a diagram of a substrate surface as the substrate 
surface is being immersed into electrolyte solution without being rotated and with 
the substrate tilted from horizontal to a tilt angle. In this embodiment, substrate 
2907 begins the immersion as the edge of the substrate first contacts the electrolyte 
solution at a first edge 2908 of substrate 2907. As the vertical motion of the 
substrate support member or head assembly continues, the area of the substrate 
immersed in the electrolyte solution proportionally increases, as illustrated by the 
shaded area 2909. It is to be noted, however, that the shaded area 2909 does not 
represent the total immersed area. Rather, area 2909 generally represents the 
most recently immersed area, and therefore, the area from the edge of the substrate 
to the line labeled j+1 would represent the total immersed area of the substrate at 
time J+1. Therefore, and in order for a power supply to provide a constant current 
density across the surface of the substrate during the immersion process, the time 
varying area of the substrate being immersed may be calculated, or otherwise 
estimated or determined, and used to determine a time varying current necessary to 
provide a constant current density across the area of the substrate immersed in the 
electrolyte solution. As such, embodiments of the present invention supply current 
to the substrate as a function of the immersion speed of the substrate, as the 
immersion speed of the substrate, i.e., the vertical rate at which the substrate is 
immersed into the plating solution, directly corresponds to the change of the 
immersed area of the substrate during the immersion process. Additionally, 
although the substrate is generally rotated during the immersion process, the area 
calculation will be unchanged in non-rotation embodiments, as the rotation of the 
substrate does not increase or decrease the area of the substrate being immersed 
in the plating solution per unit time. 

[00139] The calculation of the time varying area of the substrate immersed in\the 

electrolyte solution generally includes incrementally calculating the area of minute 

sections of the immersed portion of the substrate and summing the sections 

together to obtain the total area immersed for a particular time. The calculation and 

application of current to the substrate during the immersion process is illustrated in 

co-pending and commonly assigned United States Patent Application Serial No. 

10/135,546, entitled Apparatus and Method for Regulating the Electrical Power 

Applied to a Substrate During Immersion, filed on April 29, 2002, which is hereby 

incorporated by reference in its entirety. Further, although the referenced 
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application is generally directed to controlling an immersion bias, Applicants 
contemplate that the methodology may be utilized to control a removal bias, as will 
be further discussed herein. 

[00140] In one embodiment of the invention, the current supplied to the substrate 
is increased as the immersion surface area increases in accordance with a time 
calculation. For example, the total time for an immersion process can be 
determined through experimentation. Thereafter, a correlation between the elapsed 
time in the immersion process and the immersed surface area can be determined 
through calculation. As such, with the correlation between the elapsed time and 
immersion area determined, the current and supply to the substrate can then be 
determined in accordance with the increase in the immersion time, as the time is 
proportional to the immersion area. Therefore, knowing the correlation between the 
immersion time and the immersion surface area, processing recipes can be 
modified to include a proportional change in the current supplied to the substrate 
during the immersion process so that a uniform current density across the immersed 
surface area can be maintained throughout the immersion process. 

[00141] In another embodiment of the invention, a sensor may be used to 
determine the exact radial or tilting position of the substrate during the immersion 
process. As such, the position is transmitted to the controller, which may then 
calculate the immersed area in a real-time manner. The calculated, immersed area 
may then be used to determine the current to be supplied to the substrate in order to 
maintain a uniform current density across the immersed substrate area. The 
granularity/incremental section sampling of the measurement process may be 
increased simply by taking more measurements per unit time, and therefore, 
adjusting the current supplied to the immersed surface area more per unit time. 
Although the end result of the present embodiment is to provide a uniform current 
density across the immersed surface area of the substrate, the present embodiment 
also provides for a uniform current density across the immersed area of the 
substrate during nonuniform immersion processes. For example, if the immersion 
speed of the substrate is not constant or is not repeatable between respective 
immersion processes, the invention may be utilized to maintain a uniform current 
density across the immersed area of the substrate regardless of the immersion 
speed, as the current calculation is independent of the elapsed immersion time. 
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Therefore, the feedback loop type system of the present embodiment may provide 
advantages over other embodiments of the invention in specific configurations 
wherein the elapsed time of the immersion process is not constant across several 
substrate immersions. 

[00142] In another embodiment of the invention, the method for maintaining a 
uniform current density across the surface of the substrate is utilized during the 
process of removing a substrate from a plating cell. For example, once a plating 
process for a substrate is complete, the substrate is removed from the plating 
chamber be reversing the steps of the immersion process. In the reverse immersion 
process, it may be desirable to maintain a constant current density across the 
immersed surface of the substrate in order to avoid variances in uniformity, in similar 
fashion to the constant current density maintained during the immersion process. 
Therefore, in the reverse immersion process, the current supplied to the substrate 
may be decreased as the immersed area of the substrate decreases, so that a 
uniform current density across the immersed area of the substrate may be 
maintained. The process of controlling the current to the substrate during the 
reverse immersion process is, for example, conducted to a feedback loop type 
system or a time varying current control type system, as discussed in the previous 
embodiments. Regardless of the type of current control system implemented, the 
current supplied to the substrate during the reverse immersion process will generally 
be proportional to the surface area of the substrate remaining immersed in the 
plating solution. 

[00143] Plating processes involve applying an electrical bias to the substrate via 
the contact ring 2402. The plating bias is a forward bias, i.e., the plating bias is 
configured such that the substrate is electrically charged to be more negative than 
the anode 205 in the plating cell, so that the positively charged metal ions in the 
plating solution will plate on the negatively charged substrate. In conventional 
plating systems, once the plating process is completed, the electrical bias is 
terminated and the substrate is removed from the plating cell. However, as noted 
above, conventional plating systems and methods generally include at least a small 
time delay between the termination of the plating bias and the removal of the 
substrate from the plating solution. During this time delay, the substrate is in 
contact with the plating solution, and since plating solutions are often acidic in 
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nature, the plating solution can etch the surface of the plated layer during the time 
delay. This etching causes the smooth surface of the plated layer to roughen, which 
is not beneficial to subsequent processing steps, such as CMP processes. 

[00144] Therefore, the method and apparatus of the present invention is 
configured to apply a forward substrate removal bias (the substrate is negative 
relative to the anode) to the substrate during the delay time. The removal bias is 
configured to prevent etching of the surface of the plated layer, and therefore, the 
removal bias is configured to preserve the smooth surface of the plated layer. The 
removal bias is generally applied to the substrate immediately after the plating bias 
is terminated, i.e., the transition from the plating bias to the removal bias may be 
seamless, such that the substrate is not exposed to the plating solution without a 
forward bias applied thereto. The removal bias is calculated to be sufficient to 
prevent or counteract etching of the plated layer, however, the removal bias is also 
configured to minimize deposition on the surface of the plated layer. As such, the 
removal bias may be configured to be just above the plating potential of the system, 
and the driving current of the removal bias may be minimized, i.e., just enough 
current to prevent etching while not causing significant deposition on the smooth 
upper surface of the plated layer. 

[00145] In similar fashion to the immersion bias control features of the invention 
described above, embodiments of the invention are also configured to control the 
current applied during the removal or withdrawal bias. For example, controller 111 
may be used to control the current and/or voltage applied to the substrate during the 
withdrawal process. The electrical current or voltage supplied to the substrate 
during withdrawal may be controlled in order to prevent additional deposition on 
areas of the substrate that remain immersed in the plating solution longer than other 
areas of the substrate, as deposition thickness in an electrochemical plating process 
is generally a function of exposure time to the plating solution. Further, the voltage 
or current may be controlled during the substrate withdrawal process in order to 
prevent the current density on the immersed portion of the substrate from 
increasing, which will also generally cause an increased plating rate on the portions 
of the substrate that remain immersed in the plating solution. 
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[00146] Embodiments of the invention contemplate that either a voltage control 
(control system where the voltage is monitored and adjusted in order to control the 
electrical current or power applied) or a current control system (control system 
where the current itself is monitored and controlled) may be used to control the 
removal bias. A current control system may be used to control the removal bias by 
maintaining a constant current density across the substrate surface during the entire 
substrate removal process. More particularly, as noted above with regard to 
maintaining a constant current density across the substrate surface during the 
immersion process, as the substrate is removed from the plating solution, the 
resistance of the electrical circuit supplying the removal bias changes. The 
resistance change is a result of the decreasing immersed conductive surface area of 
the substrate, which results in an increase in the resistance of the circuit. Therefore, 
as the resistance of the circuit increases and the immersed surface area f decreases, 
the current control system of the invention may react to these changes to decrease 
the current supplied to the substrate so that the current density across the surface of 
the substrate remains constant through the withdrawal process. The control system 
may control the current in a closed loop manner, i.e., the current control system may 
be configured to measure the resistance or other electrical parameter of the removal 
bias circuit and control the current supplied thereto accordingly. Alternatively, the 
current control system may be configured to control the removal bias in response to 
a mechanical condition, such as the position of the substrate or another measurable 
mechanical parameter. For example, the position of the substrate, i.e., the vertical 
position of the substrate relative to the plating solution during the withdrawal 
process, may be correlated with the immersed surface area of the substrate, and 
therefore, the position of the substrate may also be used to control the electrical 
removal bias applied to the substrate. Further still, the electrical bias may be 
controlled in a time dependent manner, i.e., the electrical removal bias may be 
adjusted per unit of time that the substrate continues through a removal process, 
thus essentially equating time or duration of the removal process with the immersed 
surface area of the substrate. 

[00147] During the substrate removal process, the substrate may be rotated, 

tilted, pivoted, vertically actuated, horizontally actuated, and/or vibrated with sonic or 

ultrasonic energy. For example, during a removal process of the invention, a 

substrate may be rotated in the plating solution while the removal bias is initiated. 
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The substrate may then be raised vertically out of the solution to remove the 
substrate from the solution. During the raising process the surface area of the 
substrate is incrementally removed from the plating solution and the electrical bias 
supplied thereto is controlled in accordance with the proportion of the surface area 
removed from the solution (or remaining in the solution), as noted above. The 
substrate may be held in a horizontal position, i.e., in a position where the surface of. 
the substrate is generally parallel to the upper surface of the plating solution 
contained in a weir-type plater. Alternatively, the surface of the substrate may be 
tilted from horizontal, i.e., the surface of the substrate may be positioned such that a 
tilt angle is formed between the substrate surface and the upper surface of the 
plating solution in a weir-type plater. In this configuration, when the substrate is 
vertically moved or raised out of the solution, the tilt angle between the substrate 
surface and the upper surface of the plating solution remains constant. However, 
embodiments of the invention also contemplate that the tilt angle may be varied 
during the removal process. For example, the tilt angle may be increased or 
decreased during the substrate removal process, such that the vertical movement of 
the substrate out of the solution does not result in the tilt angle remaining constant, 
rather, the tilt angle increases or decreases as the substrate is removed. 

[00148] During the removal process, for example, the substrate may be rotated 
between about 5 rpm and about 100 rpm, or more particularly, between about 20 
rpm and about 60 rpm. The tilt angle of the substrate may be between about 3° and 
about 30°, or more particularly, between about 5° and about 20°. The tilt angle may 
also be increased or decreased, as well as pivoted or oscillated during the removal 
process. The electrical bias applied to the substrate during the removal process 
may be configured to generate an electrical current density across the surface of the 
substrate of between about 0.5 mA/cm 3 and about 5 mA/cm 3 , or more particularly, 
between about 0.5 mA/cm 3 and about 1 mA/cm 3 , or more particularly, between 
about 1.0 mA/cm 3 and about 3 mA/cm 3 . The voltage applied to the substrate during 
removal may be between about 0.3 volts and about 10 volts, for example, and more 
particularly, between about 0.8 volts and about 5 volts. 

[00149] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing 
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from the basic scope thereof, and the scope thereof is determined by the claims that 
follow. 



62 



WO 2004/094702 PCT/US2004/012012 

What is claimed is: 

1 . An electrochemical plating system, comprising: 

a substrate plating cell positioned on a mainframe, the plating cell containing 
separated catholyte and anolyte volumes; 

a substrate bevel cleaning cell positioned on the mainframe; 

a substrate spin rinse dry cell positioned on the mainframe; 

a stacked substrate annealing station positioned in communication with the 
mainframe, each chamber in the stacked substrate annealing station having a 
substrate heating plate and a substrate cooling plate adjacently positioned therein; 

at least one substrate transfer robot configured to transfer substrates 
between the respective cells and the annealing station. 

2. The system of claim 1 , wherein the at least one spin rinse dry cell comprises: 
a cell bowl having an upstanding cylindrical wall; 

an annular and inwardly curved pressure reducing surface positioned on a 
top portion of the upstanding cylindrical wall; 

a fluid receiving shield extending radially inward from an upper portion of the 
upstanding cylindrical wall; 

a rotatable substrate support member centrally positioned in the cell bowl; 

and 

1 . a fluid dispensing nozzle configured to dispense a rinsing solution onto 
an upper surface of a substrate positioned on the support member. 

3. The system of claim 1 , wherein the at least one plating cell comprises: 
a plating cell bowl having an overflow weir; 

an anode positioned in the cell bowl; 

an ionic membrane positioned across the cell bowl between the anode and 
the overflow weir; and 

a diffusion member positioned across the cell bowl between the membrane 
and the overflow weir. 

4. The system of claim 3, wherein the diffusion member comprises a fluid 
permeable porous ceramic member. 
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5. The system of claim 3, wherein the membrane comprises a cationic 
membrane. 



6. The system of claim 5, wherein the plating cell comprises: 

a catholyte fluid inlet positioned to dispense a catholyte solution into the 
catholyte volume between the membrane and the overflow weir; and 

an anolyte fluid inlet positioned to dispense an anolyte solution into the 
volume in the cell bowl below the membrane. 

7. The system of claim 1, wherein the a stacked substrate annealing station 
comprises a substrate transfer robot positioned adjacent the heating plate and the 
cooling plate, the substrate transfer robot being configured to transfer a substrate 
between the heating plate and the cooling plate. 

8. The system of claim 1 , wherein the substrate bevel cleaning cell comprises: 
a substrate centering assembly; 

a rotatable substrate support member; and 

a fluid dispensing nozzle positioned to dispense an etchant solution onto an 
exclusion zone of a substrate being processed in the bevel cleaning cell. 

9. The system of claim 8, wherein the substrate centering assembly comprises 
a plurality of cooperatively rotatable substrate support centering pins, each of the 
substrate support centering pins having a raised substrate support portion 
positioned on a vertical axis of the centering pin and an eccentrically positioned 
substrate centering post. 

10. The system of claim 1, comprising a fluid delivery system, the fluid delivery 
system being configured to supply at least two different plating chemistries to each 
of the individual plating cells. 

11. A multi-chemistry plating system, comprising: 

a plurality of electrochemical plating cells positioned on a common platform; 
a cleaning cell positioned on the platform; 

an annealing chamber positioned in communication with the platform; and 
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a multi-chemistry fluid delivery system positioned in communication with the 
platform and in fluid communication with the plurality of plating cells, the fluid 
delivery system being configured to mix and distribute a plurality of fluid solutions to . 
each of the plurality of plating cells. 

12. The plating system of claim 11, wherein the electrochemical plating ceil 
comprises: 

an overflow weir positioned at a top portion of a cell bowl; 
an anode positioned in the cell bowl; 

an ionic membrane positioned across the cell bowl between the anode and 
the overflow weir; and 

a diffusion member positioned across the cell bowl between the membrane 
and the overflow weir. 

13. The plating system of claim 12, wherein the ionic membrane further 
comprises a cationic membrane configured to separate the plating cell into an 
anolyte compartment below the membrane and a catholyte compartment above the 
membrane. 

14. The plating system of claim 13, wherein the multi-chemistry fluid delivery 
system is configured to supply a catholyte plating solution to the catholyte 
compartment and an anolyte solution to the anolyte compartment. 

15. The plating system of claim 11, wherein the cleaning cell comprises a 
substrate spin rinse dry cell. 

16. The plating system of claim 11, wherein the cleaning cell comprises a 
substrate bevel clean cell. 

17. The plating system of claim 1 1 , wherein the bevel clean cell comprises: 
a rotatable vacuum chuck; 

a plurality of substrate centering posts positioned radially outward of the 
vacuum chuck; and 
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a movable fluid dispensing nozzle positioned to dispense an etchant solution 
onto a bevel of a substrate positioned on the vacuum chuck. 



18. The plating system of claim 17, wherein the plurality of substrate centering 
posts comprise a raised substrate support portion positioned on a longitudinal axis 
of the centering post and an eccentrically positioned centering post. 

19. The plating system of claim 11, wherein the annealing chamber comprises a 
stacked annealing system, each annealing chamber in the stack comprising a 
heating plate, a cooling plate, and a gas distribution nozzle. 

20. An electrochemical plating system, comprising: 

an electrochemical plating cell positioned on a processing platform, the 
electrochemical plating cell comprising: 

a cell body configured to contain a plating solution and having an 
overflow weir positioned thereon; 

an anode positioned in the cell body; 

an ionic membrane positioned across the cell body at a position above 
the anode and below the overflow weir, the ionic membrane separating an anolyte 
compartment- below the membrane from a catholyte compartment above the 
membrane; and 

a porous diffusion member positioned across the cell body in the 

catholyte compartment; 

a substrate cleaning cell positioned on the processing platform; and 

a stacked substrate annealing station positioned in communication with the 

processing platform. 

21 . The plating system of claim 20, wherein the substrate cleaning cell comprises 
at least one of a substrate spin rinse dry cell and a substrate bevel clean cell. 

22. The plating system of claim 20, wherein the stacked substrate annealing 
station comprises a plurality of stacked annealing chambers, each of the stacked 
annealing chambers comprising: 

a heating plate positioned in the chamber; 
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a cooling plate positioned in the chamber; 

a substrate transfer robot positioned to transfer substrates between the 
heating plate and the cooling plate; and 

a gas dispensing nozzle in fluid communication with an interior of the 
chamber. 
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